AD-A262  124 


OS  ARMY  INSTITUTE  OF  SURGICAL  RESEARCH 


t 

ANNUAL  RESEARCH  PROGRESS  REPORT 


FOR  FISCAL  YEAR  1991 


1  OCTOBER  1990  -  30  SEPTEMBER  1991 


PREPARED  BY:  US  ARMY  INSTITUTE  OF  SURGICAL  RESEARCH 

FORT  SAM  HOUSTON 

SAN  ANTONIO,  TEXAS  78234-5012 


PREPARED  FOR:  US  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 

FORT  DETRICK 

FREDERICK,  MARYLAND  21702-5012 


| 

fi 

| 

i 

T- 

5 

| 


f 


APPROVED  FOR  PUBLIC  RELEASE. 

i  i  oo* 

*  — 


DISTRIBUTION  UNLIMITED. 


/ 


93-05175 

N  \  i  ikimi  mu  mu  mu  mil  Hill  Hill  lilt  ltll 


1  October  1991 


APPROVED  FOR  PUBLIC  RELEASE.  DISTRIBUTION  UNLIMITED. 


DESTROY  THIS  REPORT  WHEN  IT  IS  NO  LONGER  NEEDED.  DO  NOT 
RETURN  IT  TO  THE  ORIGINATOR. 


The  opinions  or  assertions  contained  herein  are  the  private 
views  of  the  authors  and  are  not  to  be  construed  as  official  or  as 
reflecting  the  views  of  the  Department  of  the  Army  or  the 
Department  of  Defense. 

Human  subjects  participated  in  these  studies  after  giving 
their  free  and  informed  voluntary  consent.  Investigators  adhered 
to  Army  Regulation  70-25  and  US  Army  Medical  Research  and 
Development  Command  Regulation  70-25  on  the  use  of  volunteers  in 
research. 

In  conducting  the  research  described  in  this  report,  the 
investigators  adhered  to  the  Animal  Welfare  Act  and  other  Federal 
statutes  and  regulations  relating  to  animals  and  studies  involving 
animals  and  with  the  Guide  for  the  Care  and  Uae  of  Laboratory 
Animals,  National  Institutes  of  Health  Publication  86-23. 

Citations  of  commercial  organizations  and  trade  names  in  this 
report  do  not  constitute  an  official  Department  of  the  Army  or 
Department  of  Defense  endorsement  or  approval  of  the  products  or 
services  of  these  organizations. 

This  publication  was  compiled  by  Christine  C.  Davis,  Research 
Protocol  Coordinator,  US  Army  Institute  of  Surgical  Research,  Fort 
Sam  Houston,  San  Antonio,  Texas  78234-5012. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No  0704-0188 


pjohc  feoci  r< j  burden  for  tm*  cci:ecT:cn  of  information  ■*  estimated  tc  ave'age  1  -o-j'  d*'  *e*por*e  rcUding  the  t-^e  'o'  'eview-ng  rrstfuction*.  *e*r:hrg  d.*ta  *e„r ce* 

gathering  jp-d  maintaining  the  data  needed  and  competing  and  reviewing  the  collection  of  information  Send  comment*  regarding  *1*1*  burden  estimate  or  any  oiKer  a*ce:t  or  :*■* 
collection  Of  information,  rcluding  Suggestion*  for  reducing  thi*  burden  to  Aashington  Headquarter*  Service*,  electorate  *or  mfo'mat'On  Operation*  and  Report*.  >2  'S  Jefferson 
Oavi*  Highway.  Suite  1 204.  Arlington,  vA  22202-4302  and  to  the  Office  of  Management  and  Qudget.  Paperwork  PeduCticn  Proiect  (0  ?C4-0 '98).  Washington.  C*C  *GSC  J 


1.  AGENCY  USE  ONLY  (Leave  blank) 


4.  TITLE  AND  SUBTITLE 


2.  REPORT  OATE 

1  October  1991 


3.  REPORT  TYPE  AND  OATES  COVEREO 

Annual/10  Oct  90  -  30  Sep  91 


S.  FUNDING  NUMBERS 


US  Army  Institute  of  Surgical  Research  Annual 
Research  Progress  Report  for  Fiscal  Year  1991 


6.  AUTHOR(S) 


PE  62787A 
PE  61102A 
PE  0601101A 
PE  63002A 


PRUITT,  Basil  A.  Jr.  (Editor) 


7.  PERFORMING  ORGANIZATION  NAME(S)  ANO  AOORESS(ES) 

US  Army  Institute  of  Surgical  Research 

Fort  Sam  Houston 

San  Antonio,  Texas  78234-5012 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  ANO  ADDRESS(ES) 

US  Army  Medical  Research  and  Development  Command 
Fort  Detrick 

Frederick,  Maryland  21702-5012 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


10.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 


12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 


12b.  DISTRIBUTION  CODE 


APPROVED  FOR  PUBLIC  RELEASE, 
DISTRIBUTION  UNLIMITED. 


13.  ABSTRACT  (Maximum  200  words) 


IS  NUMBER  OF  PAGES 

763 


16  PRICE  CODE 


17  SECURITY  CLASSIFICATION  18  SECURITY  CLASSIFICATION  19  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  A9STRACt 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 


UNCLASSIFIED 


UNCLASSIFIED 


UNCLASSIFIED 


(WPtV  TO 
ATTTHTION  Of 


DEPARTMENT  OF  THE  ARMY 

U.S.  ARMY  INSTITUTE  OF  SURQICAL  RESEARCH 
FORT  SAM  HOUSTON.  TEXAS  78234-5012 


SGRD-USZ  <70-9a) 


1  October  1991 


MEMORANDUM  FOR  SEE  DISTRIBUTION 

SUBJECT:  US  Army  Institute  of  Surgical  Research  Annual  Research 

Progress  Report  for  Fiscal  Year  1991 


The  US  Army  Institute  of  Surgical  Research  Annual  Research  Progress 
Report  for  Fiscal  Year  1991  is  forwarded  under  the  provisions  of 
OTSG  Regulation  70-31  dated  2  April  1969. 


Enel 

as 


Colonel,  MC 

Commander  and  Director 


DTIC  QUALi'lY  ii-IuPi-CTSD  B 


FOREWORD 


This  Institute's  plan  for  system-wide  burn  care  in  support  of 
Operation  Desert  Shield/Storm,  formulated  in  August  and  September 
1990,  was  activated  in  January  1991.  When  Desert  Shield  became 
Desert  Storm,  ISR  burn  teams  were  in  place  in  Dhahran,  Riyadh,  and 
King  Khalid  Military  City  to  provide  theater-wide  burn  care.  One 
of  the  Institute' s  burn  surgeons  had  also  established  a 
burn-holding  unit  at  the  2nd  General  Hospital,  Landstuhl,  Germany, 
and  the  ISR  burn  center  promptly  expanded  to  provide  an  80-bed 
tertiary  care  capacity  with  the  potential  of  maximum  expansion  to 
200  beds.  With  the  assistance  of  the  American  Burn  Association, 
sufficient  available  tertiary  burn  care  beds  in  civilian  burn 
centers  within  a  50-mile  radius  of  the  anticipated 
casualty-receiving  centers  were  also  identified  to  accommodate  the 
projected  "overflow"  of  burn  casualties . 

The  composition  of  the  in-theater  burn  teams  represented  a 
variant  of  the  Institute's  "standard"  flight  team  and  the  teams 
previously  deployed  in  response  to  civilian  and  military  mass 
casualty  situations,  with  staffing  modifications  necessitated  by 
expansion  of  the  ISR  burn  center.  The  aeromedical  transfer 
procedures  for  burn  patients  {developed  in  collaboration  with  the 
United  States  Air  Force)  and  the  staging  of  aeromedical  transport, 
with  final  triage  carried  out  at  the  burn-holding  unit  in  Germany, 
were  established  to  ensure  continuity  and  quality  of  burn  care. 
The  transfer  system  was  based  on  the  Institute's  experience  in  the 
virtually  mortality-free  aeromedical  transfer  of  over  800  patients 
from  a  burn-holding  unit  in  Japan  during  the  Vietnam  conflict  and 
of  scores  of  burn  patients  each  year  before  and  since  then. 

The  preparations  for  the  care  of  projected  combat-incurred 
burns  included  activation  of  the  Institute's  IMA  physicians  and 
nurses  experienced  in  burn  care  to  meet  anticipated  clinical  needs. 
Those  personnel  also  participated  in  the  Institute's  ever-expanding 
professional  education  program  in  which,  during  this  year  of 
wartime  activity,  four  medical  students,  seven  PGY-1  physicians,  28 
general  surgery,  plastic  surgery,  emergency  medicine,  and  pediatric 
residents,  and  one  surgical  critical  care  fellow  as  well  as  252 
nursing  personnel  were  accommodated.  These  graduate-level 
physicians  and  nurses  joined  a  progressively  larger  cohort  of 
military  professionals  familiar  with  the  medical  needs  of  burn 
patients . 

Wartime  preparations  and  establishment  of  the  military's  burn 
care  system  had,  by  virtue  of  the  industry  and  expertise  of  the 
Institute's  laboratory  and  clinical  personnel,  little  impact  on  the 
research  mission  of  the  Institute.  In  fact,  11  new  research 
projects  were  approved  and  initiated  to  bring  the  total  number  of 
research  projects  to  52.  Research  productivity  and  quality  were 
maintained  at  the  highest  level,  as  indexed  by  numerous  papers 


competitively  selected  for  presentation  at  professional  meetings  of 
national  and  international  scope . 

The  reports  in  this  volume  reflect  a  successful  integration  of 
wartime  mission  and  peacetime  activities  made  possible  only  by  the 
fact  that  the  Institute,  in  its  day-to-day  activities,  does  in 
small  scale  what  would  have  been  necessary  on  a  larger  scale  had 
there  been  numerous  combat  casualties.  The  institutional  memory 
that  resides  in  the  Institute  (the  only  tertiary  burn  treatment 
facility  in  the  entire  United  States  military)  permitted  the 
establishment  of  in-theater  facilities  for  initial  burn  care  and  an 
aeromedical  transfer  system  for  burn  patients,  the  effectiveness  of 
which  had  been  documented  in  prior  conflicts  and  in  numerous 
peacetime  disasters.  The  dedication  and  unequalled  professional 
capabilities  of  both  the  clinical  and  laboratory  staff  enabled  them 
to  maintain  the  research  productivity  documented  by  this  volume 
while  providing  care  that  ensured  the  survival  of  all  the 
casualties  with  burn  injuries  cared  for  at  the  Institute. 


BASIL  A.  PRUITT,  JR.,  MD,  /FACS 
Colonel,  MC 

Commander  and  Director 


The  opinions  or  assertions  contained  herein  are  the  private  views 
of  the  author  and  are  not  to  be  construed  as  official  or  as 
reflecting  the  views  of  the  Department  of  the  Army  or  the 
Department  of  Defense. 
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Search  Control  Data:  A  DTIC  literature  search  was  not  conducted 
since  the  objectives  of  this  work  are  broad-based  to  provide 
specialized  care  for  thermally  injured  patients,  investigate 
diagnostic  and  therapeutic  technics  to  improve  the  survival  and 
function  of  thermally  injured  patients,  and  to  promulgate 
scientific  medical  information  to  health  professionals. 
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Amy  Institute  of  Surgical  Research  Annual  Research  Progress 
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Houston,  San  Antonio,  Texas  78234-5012 
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Two  hundred  and  sixteen  patients  were  admitted  to  this 
Institute  during  calendar  year  1990.  Principal  activities  included 
care  of  severely  burned  patients,  research  to  improve  survival  and 
function  of  3uch  patients,  and  education  and  training  of  health 
care  professionals  and  paraprofessionals .  Areas  of  research 
included  an  ongoing  study  of  5%  aqueous  mafenide  acetate  soaks  for 
the  topical  treatment  of  burn  wounds  following  grafting,  studies  of 
neuroendocrine  abnormalities  in  burn  injuries,  evaluation  of  in 
vitro  cultivated  keratinocytes  used  for  the  closure  of  burn  wounds, 
evaluation  of  clotrimazole  for  the  prevention  of  fungal 
colonization  in  thermally  injured  patients,  a  study  of  the  efficacy 
of  a  polyetherurethane  membrane  dressing  in  the  treatment  of  skin 
graft  donor  sites,  evaluation  of  the  effect  of  sucralfate  on 
prevention  of  stress  ulcers  and  nosocomial  pneumonia  in  thermally 
injured  patients,  a  study  of  salt  and  water  balance  in  the 
thermally  injured  patient,  assessment:  by  flow  cytometry  of 
peripheral  blood  cells,  a  study  of  the  effect  of  recombinant  human 
growth  hormone  treatment  on  the  rate  of  healing  of  burn  patients 
who  require  skin  grafting,  evaluation  of  the  effect  of  nutritional 
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support  on  immune  function  in  patients  with  thermal  injury,  a 
comprehensive  analysis  of  the  perceived  needs  of  families  of 
critically  injured  burned  patients,  and  a  project  to  characterize 
certain  biochemical  indicators  of  infection  in  the  thermally 
injured.  ^  .  .  . .  .  . .  _  . 
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CLINICAL  OPERATION 

CENTER  FOR  TREATMENT  OF  BURNED  PATIENTS 


The  Clinical  Division  of  this  Institute  admitted  216  soldiers 
and  other  authorized  patients  with  thermal,  chemical,  or  electric 
injury  during  calendar  year  1990.  Aeromedical  teams  from  the 
Institute  conducted  56  missions  to  transfer  69  (31.9%)  of  the 
admitted  patients.  Fifty-six  missions  were  within  the  continental 
United  States  and  1  was  to  an  area  overseas.  Thirty-three  missions 
(57.9%)  were  carried  out  by  rotary-wing  aircraft  and  24  (42.1%)  by 
fixed-wing  aircraft.  Ninety  patients  (41.7%)  were  admitted  within 
24  h  of  injury  and  143  (66.2%)  were  admitted  within  48  h  of  injury. 
One  hundred  and  seventy-five  patients  (81%)  were  male  and  41  (19%) 
were  female. 

The  ages  of  these  patients  ranged  from  6  months  to  92  yr,  with 
an  average  age  of  28.8  yr.  Burn  sizes  averaged  23.7%  of  the  total 
body  surface  area,  with  an  average  full-thickness  component  of 
10.2%.  Fifty-three  patients  (24.5%)  were  in  the  pediatric  age 
group  (<  15  yr) ,  with  an  average  age  of  4.3  yr  and  an  average  burn 
size  of  14.4%  of  the  total  body  surface  area.  There  were  19 
patients  (8.8%)  with  high  voltage  cdectric  injury  and  4  patients 
(3.7%)  with  chemical  injury.  The  average  hospital  stay  of  all 
patients,  excluding  convalescent  leave  for  active  duty  military 
patients,  was  39  days.  The  sources  of  admission  are  identified  in 
Table  1  and  the  causes  of  burn  injury  are  detailed  in  Table  2. 

Inhalation  injury  was  identified  in  59  patients  (27.3%). 
Ninety-six  patients  (44.4%)  had  some  associated  injury  (includes  59 
patients  with  inhalation  injury)  which  included  fractures  or 
dislocations  in  6  patients,  lacerations  in  8  patients,  and  head 
injuries  in  6  patients. 

During  calendar  year  1990,  850  operative  procedures  were 
performed  on  159  patients,  an  average  of  5.3  operative  procedures 
per  patient. 

Morbidity  and  Mortality .  Seventeen  patients  (7,9%)  died  during 
calendar  year  1990.  Autopsies  were  performed  in  12  (70.6%)  of 
these  hospital  deaths.  The  average  burn  size  of  patient®  who  died 
was  56.7%  of  the  total  body  surface  area  and  the  ful; -n^ickness 
average  was  35.2%  of  the  total  body  surface  area.  Age  rar?/...d  from 
22  to  92  yr.  Eight  of  these  patients  (47.1%)  had  inhalation  injury 
as  a  primary  or  contr ibuting  cause  of  death.  Thirteen  patients 
(76.5%)  had  burn  injuries  £  30%  of  the  total  body  surface  area,  10 
(58.8%)  exceeding  40%,  and  9  (52.9%)  exceeding  50%  of  the  total 
body  surface  area.  None  of  the  17  deaths  occurred  in  pediatric 
patients . 

Infection  was  once  again  the  most  common  complication  following 
thermal  injury,  with  pneumonia  occurring  in  40  patients  (18.5%). 
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TABLE  1.  Sources  of  Admission  (1990) 


AREA 

A 

AD 

AF 

AFD 

N/MC 

ND 

VAB 

OTHER 

TOTAL 

First  Army 

1 

- 

- 

1 

.  1 

- 

1 

1 

5 

Third  Army 

4 

1 

1 

- 

- 

- 

- 

1 

7 

Fifth  Army 

22 

17 

8 

8 

3 

- 

8 

110 

176 

Sixth  Army 

- 

- 

- 

1 

1 

1 

- 

2 

5 

Belgium 

1 

- 

- 

- 

- 

- 

- 

- 

1 

Belize 

- 

- 

- 

- 

- 

- 

- 

5 

5 

Germany 

1 

- 

- 

1 

- 

- 

- 

- 

2 

Hawaii 

- 

- 

- 

- 

- 

1 

- 

- 

1 

Honduras 

2 

- 

- 

- 

- 

- 

- 

1 

3 

Japan 

- 

- 

- 

- 

7 

- 

- 

- 

7 

Mexico 

- 

- 

- 

- 

- 

- 

- 

1 

1 

Panama 

1 

- 

- 

- 

- 

- 

- 

- 

1 

Saudi  Arabia 

- 

--  ~ 

- 

_ 2 

— 

_ 2 

TOTAL 

32 

18 

.  9 

11 

14 

2 

9 

121 

216 

A  indicates  United  States  Army;  AF,  United  States  Air  Force;  N, 
United  States  Navy;  M,  United  States  Marine  Corps;  D,  dependent; 
VAB,  Veterans  Administration  beneficiary;  and  OTHER,  civilian 
emergency,  US  Public  Health  Service  beneficiary,  and  Bureau  of 
Employees  Compensation  beneficiary. 
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TABLE  2.  Burn  Etiology  (1990) 
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The  most  common  organism  isolated  in  patients  with  bacterial 
pneumonia  was  Staphylococcus  aureus  in  25  patients.  Gram-negative 
organisms  were  responsible  for  the  pneumonias  in  the  remaining  15 
patients.  No  patients  had  bacterial  invasion  of  the  burn  wound; 
however,  3  had  burn  wound  invasion  by  fungi  or  yeast.  Aspergillus 
was  the  organism  identified  in  viable  tissue  in  2  of  these  patients 
and  Candida  in  1 .  No  patients  had  suppurative  thrombophlebitis 
during  this  reporting  period. 

Table  3  lists  the  effect  of  age  and  extent  of  injury  on 
survival  and  Table  4  lists  mortality  rates  associated  with 
increments  of  10%  of  the  total  body  surface  area  for  the  years 
1986-90.  Table  5  summarizes  the  survival  of  patients  wich 
extensive  burns  from  1963-90.  Table  6  compares  mortality  before 
and  after  the  use  of  topical  chemotherapy  on  the  burn  wound.  Table 
7  lists  the  causes  of  death  for  calendar  year  1990. 

Educational  Activities.  During  calendar  year  1990,  the 
professional  staff  of  the  Clinical  Division  continued  to  provide 
education  to  professional  an  paraprofessional  groups  at  the  local, 
national,  and  international  levels.  A  total  of  39  resident 
physicians  were  attached  for  periods  of  1-2  months,  including  10 
from  the  University  of  Texas  Health  Science  Center  (San  Antonio 
TX)  ,  7  from  Wilford  Hall  USAF  Medical  Center,  5  from  Pensacola 
Naval  Air  Station,  4  from  Brooke  Army  Medical  Center,  3  each  from 
Fitzsimons  Army  Medical  Center  and  Providence  Hospital  (Southfield 
MI),  2  from  Travis  Air  Force  Base  Medical  Center,  and  1  each  from 
Brooks  Aerospace  Hospital  (San  Antonio  TX)  ,  Letterman  Army  Medical 
Center,  Staten  Island  Hospital,  Columbus  Hospital  (Chicago  IL) ,  and 
Albert  Einstein  Hospital.  Six  interns  from  Brooke  Army  Medical 
Center  rotated  through  the  Institute.  A  total  of  7  medical 
students  rotated  through  the  Institute,  including  5  students  from 
the  Uniformed  Services  University  of  Health  Sciences  and  1  each 
from  the  University  of  Iowa  and  the  University  of  Indiana  College 
of  Medicine.  In  addition,  3  critical  care  fellows  from  Brooke  Army 
Medical  Center  rotated  through  the  Institute.  A  total  of  16 
physicians  visited  from  foreign  countries  for  periods  ranging  from 
1  day  to  2  months,  which  included  5  from  Korea,  2  each  from 
Pakistan  and  Egypt,  and  1  each  from  Northern  Ireland,  Singapore, 
Norway,  the  Philippines,  Japan,  Switzerland,  and  Germany.  One 
foreign  medical  student  from  the  United  Kingdom  visited  the 
Institute  for  a  period  of  3  months.  The  Respiratory  Therapy  Branch 
had  46  trainees,  the  Physical  Therapy  Branch  had  60  trainees,  and 
the  Occupational  Therapy  Branch  had  109  trainees.  Thirty-five 
scientific  publications  appeared  in  refereed  medical  journals  and 
183  scientific  presentations  were  conducted  for  military  and 
civilian  audiences.  Numerous  scientific  presentations  were  made  at 
the  Academy  of  Health  Sciences  and  various  military  installations 
throughout  the  continental  United  States,  to  include  support  of  the 
Combat  Casualty  Care  Courses  for  the  United  States  Army.  In 
addition,  weekly  professional  staff  conferences  were  conducted  for 
and  by  Institute  personnel. 
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TABLE  4.  Total  Body  Surface  Area  Burn  Involvement  {%)  and  Mortality  (1986-90) 
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Mortality  <%)  1.6  S.O  6.3  9.5  26.3  28.6  36.4  28.6  100.0  100.00  14. 


TABLE  5.  Survival  and  Nonsurvival  by  Year  for  Patients  with  Burns 
£  30%  of  the  Total  Body  Surface  Area  (1963-90) 


Year 

SURVIVORS 

NONSURVIVORS 

Number 
of  Cases 

Average  Burn  (%) 
Total  3° 

Number 
of  Cases 

Average  Burn  (%) 
Total  3° 

1990 

49 

50.5 

24 . 5 

13 

67 . 7 

48.2 

1989 

48 

44.5 

24 . 5 

19 

56.7 

40.2 

1988 

56 

40.9 

20.6 

15 

66.2 

53.3 

1987 

46 

43.7 

17 . 2 

20 

63.2 

45.1 

1986 

178 

21.8 

7 . 3 

24 

68.3 

47 . 9 

1985 

48 

43.6 

21 . 7 

32 

65 . 6 

45.7 

1984 

43 

46.4 

24 . 8 

32 

59.5 

41 . 4 

1983 

37 

43.5 

17 . 5 

31 

61 . 7 

49.9 

1982 

53 

43.7 

24 . 8 

46 

59.5 

43.5 

1981 

54 

42.7 

17 . 5 

40 

64 . 9 

41 . 8 

1980 

62 

42.7 

15.1 

63 

65.5 

43.1 

1979 

61 

45.4 

13.4 

72 

66.8 

38.0 

1978 

67 

45.7 

14.8 

59 

60.0 

36.6 

1977 

66 

42.2 

14 . 4 

64 

60.0 

31 . 1 

1976 

69 

45.5 

15.0 

74 

67 . 3 

34.5 

1975 

80 

46.1 

14 . 7 

89 

63.5 

33.6 

1974 

55 

43.9 

12 . 2 

93 

62 . 2 

37 . 0 

1973 

47 

43.7 

19.6 

107 

62 . 2 

38 . 0 

1972 

62 

42.0 

17.2 

93 

50.7 

38.8 

1971 

63 

41 . 9 

14 . 0 

66 

62 . 0 

39.1 

1970 

92 

39.4 

10 . 7 

58 

57 . 7 

37 . 4 

1969 

113 

43.2 

11  .  1 

68 
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PRESENTATIONS 


Duncan  DJ:  Initial  management  of  burn  victims.  Presented  as 
part  of  the  Critical  Care  Course,  Academy  of  Health  Sciences,  Fort 
Sam  Houston,  San  Antonio,  Texas,  11  January  1990. 

Pruitt  BA  Jr:  Progress  and  problems  in  burn  care.  Presented 
to  the  San  Antonio  Surgical  Society,  San  Antonio,  Texas,  16  January 
1990. 

Pruitt  BA  Jr:  The  pathophysiology  of  burn  injury.  Presented 
to  the  TSI/DNA  Combined  Injured  Core  Group,  Orlando,  Florida, 
17  January  1990. 

Keenan  J:  Compassion  knows  no  boundaries:  USSR  burn  mission. 
Presented  to  the  South  Central  Emergency  Management  Association, 
San  Antonio,  Texas,  19  January  1990. 

Burleson  DG:  Longitudinal  changes  in  T  lymphocyte  phenotype 
and  function  after  thermal  injury.  Presented  at  the  Conference  on 
the  Immunocompromised  Surgical  Patient:  Mechanisms  and  Therapy  in 
Trauma  and  Burns,  Snowbird,  Utah,  24  January  1990. 

Driscoll  DM:  Compassion  knows  no  boundaries:  USSR  burn 
mission.  Presented  at  the  Southwest  Texas  Methodist  Hospital,  San 
Antonio,  Texas,  25  January  1990. 

Mclter  NC:  Needs  of  families  of  critically  ill  patients. 
Presented  at  the  University  of  Texas  Health  Science  Center,  San 
Antonio,  Texas,  30  January  199C. 

Becker  WK:  Burn  injury  pathophysiology.  Presented  as  part  of 
the  OT/PT  Management  of  Burns  Course,  United  States  Army  Institute 
of  Surgical  Researcn,  Fort  Sam  Houston,  San  Antonio,  Texas, 
5  February  1990. 

Becker  WK:  Burn  wound  management.  Presented  as  part  of  the 
OT/PT  Management  of  Burns  Course,  United  States  Army  Institute  of 
Surgical  Research,  Fort  Sam  Houston,  San  Antonio,  Texas,  5  February 
1990. 

Cioffi  WG  Jr:  Inhalation  injury.  Presented  as  part  of  the 
OT/PT  Management  of  Burns,  United  States  Army  Institute  of  Surgical 
Research,  Fort  Sam  Houston,  San  /intonio,  Texas,  5  February  1990. 

Jordan  BS :  Review  of  current  research  at  the  United  States 
Army  Institute  of  Surgical  Research.  Presented  as  part  of  the 
OT/PT  Management  of  Burns,  United  States  Army  Institute  of  Surgical 
Research,  Fort  Sam  Houston,  3an  Antonio,  Texas,  5  February  1990. 

Summers  TM:  Psychosocial  aspects  of  burn  care.  Presented  as 
part  of  the  OT/PT  Management  of  Burns,  United  States  Army  Institute 
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of  Surgical  Research,  Fort  Sam  Houston,  San  Antonio,  Texas, 
6  February  1990. 


Molter  NC:  Principles  of  pain  management.  Presented  as  part 
of  the  OT/PT  Management  of  Burns,  United  States  Army  Institute  of 
Surgical  Research,  Fort  Sam  Houston,  San  Antonio,  Texas,  6  February 
1990. 

Carlson  DE:  Nutritional  management.  Presented  as  part  of  the 
OT/PT  Management  of  Burns,  United  States  Army  Institute  of  Surgical 
Research,  Fort  Sam  Houston,  San  Antonio,  Texas,  6  February  1990. 

Hollan  E:  Infection  control  principles  in  burn  care. 
Presented  as  part  of  the  OT/PT  Management  of  Burns,  United  States 
Army  Institute  of  Surgical  Research,  Fort  Sam  Houston,  San  Antonio, 
Texas,  7  February  1990. 

Matta  CB:  Initial  management  of  burn  injuries  in  the  theater 
of  operation.  Presented  as  part  of  the  United  States  Air  Force 
Battlefield  Nursing  Course,  Brooks  Air  Force  Base,  San  Antonio, 
Texas,  13  February  1990. 

Pruitt  BA  Jr:  Burns  complicated  by  pregnancy  and  mechanical 
injury.  Presented  as  part  of  the  OT/PT  Management  of  Burns  Course, 
Fort  Sam  Houston,  San  Antonio,  Texas,  15  February  1990. 

McManus  WF:  Burn  mass  casualty  care  in  Ufa,  USSR.  Presented 
to  the  International  Society  of  Burns,  Maui,  Hawaii,  18  February 
1990. 

Becker  WK:  American  military  response  to  the  Ufa  train 
disaster.  Presented  at  the  Conference  on  Catastrophic  Medicine, 
Ufa,  USSR,  22  February  1990. 

McManus  AT:  Microbiologic  observations  made  by  the  laboratory 
component  of  the  American  burn  team  sent  to  aid  victims  of  the 
Baskarian  burn  disaster.  Presented  at  the  Congress  on  Catastrophic 
Medicine,  Ufa,  Russia,  22  February  1990. 

Cioffi  WG  Jr:  The  use  of  surfactant  replacement  in  ARDS  and 
smoke  inhalation.  Presented  at  the  United  States  Army  Institute  of 
Surgical  Research,  7  March  1990. 

Duncan  PJ:  Initial  management  of  burn  victims  in  the  theater 
of  operation.  Presented  at  the  Tri-Service  Emergency  Medical 
Conference,  San  Antonio,  Texas,  7  March  1990. 

Chapman  T:  Burns/hazardous  materials.  Presented  as  part  of 
the  Emergency  Medical  Technician  Course,  Fort  Sam  Houston,  San 
Antonio,  Texas,  8  March  1990. 
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Keenan  J:  Compassion  knows  no  boundaries:  USSR  burn  mission. 
Presented  at  the  FORESCOM  Conference,  Atlanta,  Georgia,  9  March 
1990. 

Pruitt  BA  Jr:  Shock  and  fluid  resuscitation.  Presented  as 
part  of  the  Advanced  Burn  Life  Support  Provider  Course,  Los 
Angeles,  California,  14  March  1990. 

Becker  WK:  Mass  casualty  experience  in  the  Soviet  Union. 
Presented  to  the  Committee  on  Trauma  at  the  68th  Annual  Meeting  of 
the  American  College  of  Surgeons,  Washington,  DC,  15  March  1990. 

Burleson  DS:  IL2-receptor  expression  by  stimulated  lymphocytes 
from  burned  patients.  Presented  at  the  14th  International  Meeting 
of  the  Society  for  Analytical  Cytology,  Ashville,  North  Carolina, 
18  March  1990. 

Shippee  RL:  Effect  of  zinc  nutriture  on  the  primary  humoral 
response  in  a  burn  rat  model.  Presented  at  the  73rd  Annual  Meeting 
of  the  Federation  of  American  Societies  for  Experimental  Biology, 
New  Orleans,  Louisiana,  20  March  1989. 

Burleson  DG:  Identification  of  neopterin  in  burned  patient 
sera.  Presented  at  the  73rd  Annual  Meeting  of  the  Federation  of 
American  Societies  for  Experimental  Biology,  New  Orleans, 
Louisiana,  22  March  1989. 

Molter  NC:  United  States  Army  Institute  of  Surgical  Research. 
Presented  as  part  of  the  Nurse  Education  Tour,  Academy  of  Health 
Sciences,  Fort  Sam  Houston,  San  Antonio,  Texas,  26  March  1990. 

Pruitt  BA  Jr:  Shock  and  fluid  resuscitation.  Presented  as 
part  of  the  Advanced  Burn  Life  Support  Provider  Course,  Las  Vegas, 
Nevada,  26  March  1990. 

Pruitt  BA  Jr:  Epidemiology,  pathophysiology,  and 
classification  of  chemical  injury.  Presented  at  the  22nd  Annual 
Meeting  of  the  American  Burn  Association,  Las  Vegas,  Nevada, 

27  March  1990. 

Waymack  JP :  Effect  of  prostaglandin  E  (PGE)  on  resistance  to 
sepsis.  Presented  at  che  22nd  Annual  Meeting  of  the  American  Burn 
Association,  Las  Vegas,  Nevada,  28  March  1990. 

Waymack  JP :  Effect  of  prostaglandin  E  (PGE)  on  endotoxin/tumor 
necrosis  factor  (TNF)  metabolism.  Presented  at  the  22nd  Annual 
Meeting  of  the  American  Burn  Association,  Las  Vegas,  Nevada, 

28  March  1990. 

Cioffi  WG  Jr:  Advanced  burn  life  support.  Presented  at  the 
22nd  Annual  Meeting  of  the  American  Burn  Association,  Las  Vegas, 
Nevada,  29  March  1990. 
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Cioffi  WG  Jr:  Granulocyte  function  following  thermal  injury. 
Presented  at  the  22nd  Annual  Meeting  of  the  American  Burn 
Association,  Las  Vegas,  Nevada,  29  March  1990. 

Driscoll  DM:  Compassion  knows  no  boundaries:  USSR  burn 
mission.  Presented  at  the  San  Antonio  College,  San  Antonio,  Texas, 
30  March  1990. 

Ikeuchi  H:  The  effect  of  platelet-activating  factor  (PAF)  and 
a  PAF  antagonist  (CV-3988)  on  smoke  inhalation  injury  using  an 
ovine  model  -  physiological  change.  Presented  at  the  22nd  Annual 
Meeting  of  the  American  Burn  Association,  Las  Vegas,  Nevada, 
30  March  1990. 

McManus  AT:  A  survey  of  blood  culture  data  collected  from  49 
North  American  burn  units  with  8642  admissions.  Presented  at  the 
22nd  Annual  Meeting  of  the  American  Burn  Association,  Las  Vegas, 
Nevada,  30  March  1990. 

Shippee  RL:  Quality  control  of  automated  clinical  chemistry 
data  using  general  purpose  commercial  software.  Presented  to  the 
Society  of  Armed  Forces  Military  Laboratory  Scientists,  March  1989. 

Driscoll  DM:  Compassion  knows  no  boundaries:  USSR  burn 
mission.  Presented  at  the  Brooke  Army  Medical  Center,  Fort  Sam 
Houston,  San  Antonio,  Texas,  2  April  1990. 

Keenan  J:  Compassion  knows  no  boundaries:  USSR  burn  mission. 
Presented  at  the  Brooke  Army  Medical  Center,  Fort  Sam  Houston,  San 
Antonio,  Texas,  2  April  1990. 

Pruitt  BA  Jr:  Clinical  and  laboratory  studies  of  inhalation 
injury.  Presented  at  the  1990  Gary  P.  Wratten  Surgical  Symposium, 
Walter  Reed  Army  Medical  Center,  Washington,  DC,  4  April  1990. 

Duncan  DJ:  Emergency  management  of  the  burn  trauma  victim. 
Presented  at  the  Texas  Nursing  in  1990s  Symposium,  Texas  State 
Emergency  Nurses  Association  Convention,  San  Antonio,  Texas, 
5  April  1990. 

McManus  WF:  Aeromedical  transport  of  severely  burned  patients. 
Presented  at  the  United  States  Air  Force  School  of  Aerospace 
Medicine,  Brooks  Air  Force  Base,  San  Antonio,  Texas,  6  April  1990. 

Matta  CB:  Initial  management  of  burn  victims  in  the  theater  of 
operation.  Presented  as  part  of  the  United  States  Air  Force 
Battlefield  Nursing  Course,  Brooks  Air  Force  Base,  San  Antonio, 
Texas,  6  April  1990. 

McManus  AT:  Silver  compounds  in  serious  burns.  Presented  at 
the  2nd  International  Conference  on  Gold  and  Silver  in  Medicine, 
Manchester,  United  Kingdom,  10  April  1990. 
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Backer  WK:  Hemorrhage  and  resuscitation.  Presented  to  the 
Southern  Society  of  Clinical  Surgeons,  San  Antonio,  Texas,  11  April 
1990. 

Cioffi  WG  Jr:  High-frequency  ventilation  for  inhalation 
injury:  clinical  and  laboratory  studies.  Presented  to  the 
Southern  Society  of  Clinical  Surgeons,  San  Antonio,  Texas,  11  April 
1990. 

Buescher  TM:  Antithrombin  III  in  burn  patients.  Presented  to 
the  Southern  Society  of  Clinical  Surgeons,  San  Antonio,  Texas, 
11  April  1990. 

McM-anus  WF:  Limitations  of  burn  wound  excision.  Presented  to 
the  Southern  Society  of  Clinical  Surgeons,  San  Antonio,  Texas, 
11  April  1990. 

Vaughan  GM:  Postburn  endocrinologie  changes.  Presented  to  the 
Southern  Society  of  Clinical  Surgeons,  San  Antonio,  Texas,  11  April 
1990. 

Waymack  JP:  Effects  of  arachidonic  acid  metabolites  on  the 
response  to  infection  and  sepsis.  Presented  to  the  Southern 
Society  of  Clinical  Surgeons,  San  Antonio,  Texas,  11  April  1990. 

Duncan  DJ:  Initial  management  of  burn  victims  in  the  theater 
of  operation.  Presented  at  the  217th  Evacuation  Hospital,  Fort  Sam 
Houston,  San  Antonio,  Texas,  22  April  1990. 

Summers  TM:  Management  of  stress  and  crisis.  Presented  as 
part  of  the  Critical  Core  Course,  Academy  of  Health  Sciences,  Fort 
Sam  Houston,  San  Antonio,  Texas,  23  April  1990. 

Becker  WK:  Initial  management  of  burn  injuries.  Presented  at 
the  Acute  Burn  Trauma:  Meeting  the  Challenge  -  United  States  Army 
Institute  of  Surgical  Research  Burn  Symposium,  San  Antonio,  Texas, 
24  April  1990. 

Buoscher  TM:  Burn  wound  care:  topicals,  excision,  and  skin 
substitutes.  Presented  at  the  Acute  Burn  Trauma:  Meeting  the 
Challenge  -  United  States  Army  Institute  of  Surgical  Research  Burn 
Symposium,  San  Antonio,  Texas,  24  April  1990. 

Buescher  TM:  Management  of  chemical  burns.  Presented  at  the 
Acute  Burn  Trauma:  Meeting  the  Challenge  -  United  States  Army 
Institute  of  Surgical  Research  Burn  Symposium,  San  Antonio,  Texas, 
24  April  1990. 

McManus  WF:  Burns  in  children:  how  are  they  different? 
Presented  at  the  Acute  Burn  Trauma:  Meeting  the  Challenge  -  United 
States  Army  Institute  of  Surgical  Research  Burn  Symposium,  San 
Antonio,  Texas,  24  April  1990. 
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McManus  WF :  Aeromedical  transport.  Presented  at  the  Acute 
Burn  Trauma:  Meeting  the  Challenge  -  United  States  Army  Institute 
of  Surgical  Research  Burn  Symposium,  San  Antonio,  Texas,  24  April 
1990. 

Pruitt  BA  Jr:  Incidence  and  pathophysiology  of  burns. 
Presented  at  the  Acute  Burn  Trauma:  Meeting  the  Challenge  -  United 
States  Army  Institute  of  Surgical  Research  Burn  Symposium,  San 
Antonio,  Texas,  24  April  1990. 

Rue  LW  3d:  Management  of  electrical  injury.  Presented  at  the 
Acute  Burn  Trauma:  Meeting  the  Challenge  -  United  States  Army 
Institute  of  Surgical  Research  Burn  Symposium,  San  Antonio,  Texas, 

24  April  1990. 

Waymack  JP:  Diagnosis  and  treatment  of  burn  wounds  infections. 
Presented  at  the  Acute  Burn  Trauma:  Meeting  the  Challenge  -  United 
States  Army  Institute  of  Surgical  Research  Burn  Symposium,  San 
Antonio,  Texas,  24  April  1990. 

DePetr  CL:  Standards  of  nursing  care  for  the  burn  patient  in 
the  resuscitative  phase.  Presented  at  the  Acute  Burn  Trauma: 
Meeting  the  Challenge  -  United  States  Army  Institute  of  Surgical 
Research  Burn  Symposium,  San  Antonio,  Texas,  25  April  1990. 

Harden  N :  Physical  and  occupational  therapy  roles  in  burn 
care.  Presented  at  the  Acute  Burn  Trauma:  Meeting  the 
Challenge  -  United  States  Army  Institute  of  Surgical  Research  Burn 
Symposium,  San  Antonio,  Texas,  25  April  1990. 

Hollan  E:  Infection  control  in  the  burn  unit.  Presented  at 
the  Acute  Burn  Trauma:  Meeting  the  Challenge  -  United  States  Army 
Institute  of  Surgical  Research  Burn  Symposium,  San  Antonio,  Texas, 

25  April  1990. 

Milner  EA:  Nutritional  considerations  following  burn  injuries. 
Presented  at  the  Acute  Burn  Trauma:  Meeting  the  Challenge  -  United 
States  Army  Institute  of  Surgical  Research  Burn  Symposium,  San 
Antonio,  Texas,  25  April  1990. 

Molter  NC:  Pain  management.  Presented  at  the  Acute  Burn 
Trauma:  Meeting  the  Challenge  -  United  States  Army  Institute  of 
Surgical  Research  Burn  Symposium,  San  Antonio,  Texas,  25  April 
1990. 

Rue  LW  3d:  Management  of  inhalation  injury.  Presented  at  the 
Acute  Burn  Trauma:  Meeting  the  Challenge  -  United  States  Army 
Institute  of  Surgical  Research  Burn  Symposium,  San  Antonio,  Texas, 
25  April  1990. 

Summers  TM:  Psychosocial  aspects  of  burn  care.  Presented  at 
the  Acute  Burn  Trauma:  Meeting  the  Challenge  -  United  States  Army 
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Institute  of  Surgical  Research  Burn  Symposium,  San  Antonio,  Texas, 

25  April  1990. 

Pruitt  BA  Jr:  Infection  problems  of  burn  patients.  Presented 
at  the  Second  Scandinavian  Burn  Conference,  Bergen,  Norway, 

26  April  1990. 

Pruitt  BA  Jr:  Burns  in  the  high  risk  patient.  Presented  at 
the  Second  Scandinavian  Burn  Conference,  Bergen,  Norway,  27  April 
1990. 

Chapman  T:  Initial  management  of  burn  victims  in  the  theater 
of  operation.  Presented  at  the  Field  Nursing  Symposium,  Darnell 
Army  Community  Hospital,  Fort  Hood,  Killeen,  Texas,  27  April  1990. 

Chapman  T:  Initial  management  of  the  burn  victim.  Presented 
at  the  University  of  Wisconsin  School  of  Nursing,  Madison, 
Wisconsin,  30  April  1990. 

Chapman  T:  Initial  management  of  the  burn  victim.  Presented 
at  University  Hospital,  Madison,  Wisconsin,  2  May  1990. 

Chapman  T:  Initial  management  of  the  burn  victim.  Presented 
at  Marshfield  General  Hospital,  Marshfield,  Wisconsin,  1  May  1990. 

Becker  WK:  Disaster  burn  care:  recent  experiences.  Presented 
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(88.8%)  followed  by  isoflurane  (18.3%). 
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ANESTHESIOLOGY 


PREOPERATIVE  PROCEDURES 

Evaluation.  Most  burn  patients  are  several  days  postinjury 
when  first  seen  by  the  anesthesiologist.  In  the  immediate  postburn 
period,  time  is  used  to  gain  abundant  physiologic  data  from  routine 
monitoring  of  various  indices,  i.e.,  hematologic  (hematocrit, 
electrolytes,  liver  and  renal  function  tests),  pulmonary  (arterial 
blood  gases,  respiratory  rate,  chest  roentgenogram) ,  cardiovascular 
(blood  pressure,  central  venous  pressure,  cardiac  output) ,  and 
renal  (urine  output,  urine  chemistry) ,  in  addition  to  the  usual 
preoperative  chart  review,  patient  interview,  and  physical 
examination.  All  patients,  regardless  of  age,  who  have  electric 
injuries  are  required  to  have  a  preoperative  electrocardiogram 
performed  and  serum  cardiac  enzyme  levels  measured  to  rule  out 
possible  myocardial  damage. 

Preparation.  All  patients  are  placed  on  NPO  status  after  2400 
h  the  day  prior  to  surgery  with  the  exception  of  children,  who  may 
receive  i  ear  liquids  up  to  5  h  prior  to  surgery,  and  infants,  who 
may  receive  lear  liquids  up  to  3  h  prior  to  surgery.  Any  patient 
with  an  enteral  feeding  tube,  the  proximal  end  of  which  is  shown  to 
be  beyond  the  ligament  of  Treitz,  may  have  tube  feedings  continued 
perioperatively . 

Premedication.  Routine  medications,  such  as  cimetidine  and 
cardiovascular  medications,  are  continued  up  to  the  time  of 
surgery.  Benzodiazepines,  such  as  diazepam,  are  routinely  given  as 
premedicants  for  patients  on  a  PO  diet.  Morphine  sulfate  or 
midazolam  hydrochloride  is  often  given  as  a  premedicant  for  ICU 
patients.  Atropine  (20  p.g/kg  IV)  is  given  routinely  to  pediatric 
patients  under  the  age  of  1  yr  immediately  prior  to  induction  of 
anesthesia.  Glycopyrrolate,  from  0.005  mg/kg  to  a  maximum  dose  of 
0.2  mg/kg,  is  given  intravenously  immediately  prior  to  induction 
with  ketamine . 

Fluids.  All  fluids,  except  hyperalimentation  solutions,  are 
changed  to  lactated  Ringer's  or  lactated  Ringer's  with  5%  glucose 
upon  arrival  in  the  operating  room.  Plasmalyte®  is  used  as  a 
packed  RBC  diluent;  however,  its  use  is  kept  to  a  minimum  to  avoid 
sodium  loading. 


TYPES  OF  ANESTHESIA 

At  this  Institute,  narcotics,  including  fentanyl  citrate  and 
sufentanil  citrate,  are  the  most  frequently  used  anesthetic  agents, 
most  often  in  combination  with  nitrous  oxide  and  isoflurane. 
Halothane  and  ketamine  are  also  used,  but  to  a  lesser  extent  (see 
Table  1).  Enflurane  was  not  used. 
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TABLE  1.  Pattern  of  Anesthesia  Administration  (1987-90) 
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Narcotics.  The  opioids,  fentanyl  citrate  and  sufentanil 
citrate,  are  the  narcotic  anesthetics  most  often  utilized,  with 
morphine  sulfate  and  alfentan.il  hydrochloride  less  often  utilized. 
These  compounds  produce  analgesia,  drowsiness,  mood  alterations, 
respiratory  depression,  euphoria,  sedation,  myosis,  dysphoria,  and 
vasomotor  stimulation  via  stimulation  of  various  opioid  receptors. 
The  opioids  are  used  as  the  primary  anesthetic  along  with  an 
adjunct,  such  as  nitrous  oxide,  or  low-dose  volatile  agent. 
Narcotics  decrease  the  hypermetabolic  and  hyperdynamic  tendencies 
of  the  burned  patient  and  provide  postoperative  pain  relief.  As  a 
general  rule,  burned  patients  require  larger  doses  of  narcotic 
anesthetics  than  unburned  patients.  The  opioids  are  the  most 
frequently  used  primary  anesthetic  agent  at  this  Institute. 

Nitrous  Oxide.  This  agent  is  used  in  concentrations  of  50-60% 
with  oxygen.  It  is  used  as  a  supplement  to  other  analgesic  or 
anesthetic  agents . 

Isoflurane.  Isoflurane  is  the  most  recent  halogenated  ether 
anesthetic  agent  to  be  introduced  at  the  Institute. 
Biotransformation  amounts  to  only  0.25%  of  an  inhaled  dose  and  no 
toxic  reactions  to  the  metabolic  products  have  been  reported  to 
date.  Although  it  has  a  rather  pungent  odor  that  tends  to  limit 
its  use  as  a  sole  mask  induction  agent,  ins  use  in  combination  with 
sodium  pentobarbital,  ketamine  hydrochloride,  or  etomidate  provides 
a  smooth  anesthetic  induction  that  is  significantly  more  rapid  than 
enflurane.  Isoflurane  is  commonly  used  in  combination  with 
narcotics  and  nitrous  oxide. 

Ketamine  Hydrochloride.  This  agent  is  used  both 
intramuscularly  and  intravenously  to  produce  its  characteristic 
dissociative  state.  Basal  functions  and  laryngeal  reflexes  tend  to 
be  preserved  and  the  cardiovascular  system  is  supported  as  well. 
Unfortunately,  ketamine  hydrochloride  shares  with  its  parent 
compound,  phencyclidine,  the  production  of  a  high  incidence  of 
unpleasant  side  effects.  However,  proper  patient  preparation  and 
premedication  with  a  benzodiazepine  appear  to  have  reduced  the 
unpleasant  emergence  reactions  to  a  level  where  they  are  currently 
of  little  consideration  in  the  well-selected  patient. 
Laryngospasm,  airway  obstruction,  and  regurgitation  can  occur  with 
ketamine  hydrochloride.  All  ketamine  hydrochloride  anesthetics, 
other  than  in  children,  are  preceded  by  intravenous  administration 
of  diazepam  (0.15-0.2  mg/kg)  or  midazolam  hydrochloride  (0.05 
mg/kg)  . 

Halothane.  Halothane  is  an  halogenated  alkane  that  has  been 
relatively  little  used  during  recent  years.  Biotransformation  can 
account  for  as  much  as  25%  of  an  inhaled  dose.  Halothane 
hepatitis,  although  rare,  fortunately  has  not  been  reported  in 
burned  patients.  Since  the  successful  introduction  of  enflurane 
and  isoflurane,  few  indications  for  halothane' s  use  exist  in  this 
patient  population  that  may  be  predisposed  to  hepatitis  from 
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multiple  transfusions  with  blood  products.  Halothane  is  much  less 
pungent  and  causes  a  more  rapid  anesthetic  induction  than  enflurane 
or  isoflurane.  As  a  result,  its  use  is  indicated  primarily  in  the 
burned  pediatric  patient  who  requires  that  his  airway  be  secured  by 
an  endotracheal  tube  following  a  smooth,  rapid  induction  of 
anesthesia . 

Regional  Anesthesia .  Although  regional  anesthesia  is  generally 
considered  one  of  the  safest  methods  available,  its  use  in  the 
thermally  injured  patient  is  limited  for  several  reasons.  Sepsis 
and  infection  of  the  skin  over  or  near  the  site  of  injection  are 
contraindications  for  use  and  multiple-site  operations  also  limit 
the  practicality  of  this  method. 

Enflurane.  Enflurane  is  an  isomer  of  isoflurane  which  provides 
a  relatively  smooth  anesthetic  induction  and  good  muscle 
relaxation.  Biotransformation  only  amounts  to  2%  to  2.5%  of  an 
inhaled  dose,  which  perhaps  accounts  for  the  few  clinical  toxic 
effects'  observed.  Plasma  fluoride  levels  in  hypermetabolic  burned 
patients  during  and  after  enflurane  administration  have  been 
measured  and  found  not  to  be  in  the  toxic  range. 

Muscle  Relaxants.  Succinylcholine  was  used  in  1  patient  during 
this  reporting  period.  This  was  for  a  patient  with  a  full  stomach 
(rapid  sequence  induction)  with  a  recent  (8  h  postburn)  small 
electrical  burn.  Thus,  succinylcholine  was  not  contraindicated, 
i.e.,  no  risk  of  hyperkalemia.  This  risk  of  hyperkalemia  following 
succinylcholine  contraindicates  it  use  in  the  great  majority  of 
thermally  injured  patients.  On  the  other  hand,  nondepolarizing 
muscle  relaxants  (vecuronium  bromide,  pancuronium  bromide,  and 
atracurium  besylate)  were  used  in  93%  of  the  operative  cases  over 
the  past  year. 


MONITORING  TECHNIQUES 

Adequate  Oxygenation.  Monitoring  included  inspired  and  expired 
oxygen  concentration  (in-circuit  oxygen  analyzer  and  gas  sampling 
oxygen  analyzer),  arterial  hemoglobin  oxygen  saturation  (pulse 
oximeter),  and  patient's  color. 

Adequate  Ventilation.  Monitoring  included  respiratory  rate, 
chest  excursions,  auscultation  of  breath  sounds  (esophageal  and 
precordial  stethoscopes),  end-tidal  carbon  dioxide  concentration 
(continuous  capnometer  and  mass  spectrometer  which  was  replaced  by 
a  more  modern  infrared  gas  analyzer) ,  pulmonary  function  parameters 
(Siemens™  ventilator),  and  arterial  blood  gases  (if  indicated). 

The  noninvasive  measurement  of  end-tidal  carbon  dioxide, 
arterial  hemoglobin  oxygen  saturation  by  pulse  oximetry,  and 
pulmonary  function  parameters,  e.g.,  tidal  volume  and  peak 
inspiratory  pressure,  all  represent  no  risk,  to  the  patient,  are 
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easily  obtainable,  and  are  accurate.  These  monitors  have  become 
standard  in  our  anesthetic  care  of  the  burned  patient. 

Hemodynamic  Stability.  Monitoring  included  continuous  EKG, 
auscultation  of  heart  sounds  (precordial  and  esophageal 
stethoscopes),  peripheral  pulse,  arterial  blood  pressure,  central 
venous  and  wedge  pressures  (if  indicated) ,  cardiac  output  (if 
indicated) ,  systemic  vascular  resistance  (if  indicated) ,  serial 
hematocrits,  and  urine  output. 

Direct  arterial  lines  are  used  when  indicated.  The  Dinamap™ 
automatic  blood  pressure  cuff  is  routinely  used  for  intraoperative 
blood  pressure  monitoring.  Since  it  can  be  used  over  dressings  and 
is  noninvasive,  it  is  the  most  practical  method  of  monitoring  blood 
pressure  in  our  patient  population. 

Efforts  continued  toward  a  safe  reduction  in  the  usage  of  blood 
products  in  our  patients.  Patients  are  now  routinely  returned  from 
the  operating  room  with  hematocrits  in  the  range  of  22-30%. 

Body  Temperature.  Skin,  rectal,  nasopharyngeal,  or  esophageal 
temperatures  are  continually  monitored.  Because  of  the  greatly 
increased  evaporative  losses  in  burned  patients,  hypothermia  is  a 
serious  problem.  Several  methods  were  employed  to  maintain  body 
temperature  during  anesthesia.  Ambient  temperatures  were 

maintained  between  85°F  and  90°F.  Anesthetic  gases  were  heated  and 
humidified  and  radiant  heat  lamps  were  used  when  necessary. 
Disposable  K-thermia™  heating  blankets  were  also  helpful  and  were 
most  effective  when  used  on  children.  Scrub  solutions,  intravenous 
fluids,  and  blood  products  were  all  warmed  prior  to  use. 

RESULTS 

Complications.  There  were  no  anesthesia  complications  noted 
during  this  reporting  period. 

Patient  Data.  Tables  2  and  3  provide  overall  anesthetic 
patient  data. 

Operative  Procedures.  Table  4  illustrates  recent  trends  in 
operative  procedures. 

PRESENTATIONS /PUBLICATIONS 


None . 
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TABLE  2.  Use  of  Selected  Intraoperative  Monitors*  (1988-90) 
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1972  301  183  60.8  575 

1971  301  179  59.5  475 
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ABSTRACT 


PROJECT  NUMBER:  2M162787A874,  Applied  Research  and  Exploratory 

Development 

PROJECT  TITLE:  Effect  of  Nutritional  Support  on  Immune  Function 

in  Patients  with  Thermal  Injury  -  A  Component 
Study 

INSTITUTION:  US  Army  Institute  of  Surgical  Research,  Fort  Sam 
Houston,  San  Antonio,  Texas  78234-5012 

PERIOD  COVERED  IN  THIS  REPORT:  15  October  1990  -  30  September  1991 

INVESTIGATORS:  William  K.  Becker,  MD,  Lieutenant  Colonel,  MC 

William  G.  Cioffi,  Jr.,  MD,  Major,  MC 
Elizabeth  A.  Milner,  RD,  Captain,  MS 
David  G.  Burleson,  PhD,  Colonel,  MS 
Ronald  L.  Shippee,  PhD,  Major,  MS 
Loring  W.  Rue,  III,  MD,  Major,  MC 
Bryan  S.  Jordan,  RN,  MSN 
William  F.  McManus,  MD,  Colonel,  MC 
Basil  A.  Pruitt,  Jr.,  MD,  Colonel,  MC 

Patients  with  thermal  injury  are  known  to  have  defects  in 
immune  function.  Infection  is  the  leading  cause  of  death  in  this 
patient  population.  Nutritional  support,  most  often  by  the  enteral 
route,  is  a  standard  management  tool  in  burn  patients.  If  it  can 
be  demonstrated  that  components  of  enteral  nutrition  products 
augment  immune  function  in  burn  patients,  it  may  be  possible  to 
reduce  the  high  incidence  of  infectious  complications  in  this  group 
of  patients . 

The  objective  of  this  study  is  to  compare  the  efficacy  of 
various  nutritional  components  specifically  designed  to  promote 
immune  function  in  hypermetabolic  patients. 
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EFFECT  OF  NUTRITIONAL  SUPPORT  ON  IMMUNE  FUNCTION 
IN  PATIENTS  WITH  THERMAL  INJURY  -  A  COMPONENT  STUDY 


Nutrition  support  (support  beyond  spontaneous  oral  intake)  is 
a  frequent  treatment  modality  in  burn  patients.  The  increased 
energy  expenditure  associated  with  cutaneous  thermal  injury,  along 
with  increased  protein  catabolism  and  nitrogen  excretion,  are  well 
documented  (1)  .  Nutrition  support  in  the  burn  patient  is  generally 
accepted  as  beneficial;  however,  strong  evidence  to  document  a 
salutary  effect  associated  with  nutrition  support  is  lacking. 

Infectious  complications  are  frequent  in  burn  patients  and  are 
the  leading  cause  of  death  (2) .  Cutaneous  thermal  injury  is  also 
associated  with  defects  in  immune  function,  predominantly  cellular 
immunity  (3) .  It  has  been  suggested  that  the  composition  of  the 
nutritional  prescription  may  be  important  in  supporting  cellular 
immunity.  Based,  on  this  suggestion,  new  nutrition  products  which 
purport  to  have  a  beneficial  effect  on  immune  function  when 
compared  to  standard  nutrition  support  products  have  been 
developed.  Specific  nutrients  which  have  been  demonstrated  to 
affect  lymphocyte  function  include  arginine,  polyunsaturated  fatty 
acids,  and  purines/pyrimidines  (4)  . 

Enteral  nutrition  products  containing  these  nutrients  have,  in 
preliminary  experimental  and  clinical  trials,  been  found  to  achieve 
some  of  the  goals  they  were  designed  to  meet  (5)  .  It  is  still 
unclear  whether  they  truly  have  a  measurable  beneficial  clinical 
effect  in  hypermetabolic  patients. 

The  objective  of  this  study  is  to  compare  the  efficacy  of 
various  nutritional  components  specifically  designed  to  promote 
immune  function  in  hypermetabolic  patients. 

MATERIALS  AND  METHODS 

Study  Design.  This  clinical  protocol  will  be  a  randomized, 
prospective,  double-blind  trial  of  enteral  nutrition  products 
containing  components  thought  to  promote  immune  function  in  burn 
patients  requiring  enteral  nutritional  support.  Entry  will  be 
controlled  for  burn  size,  predicted  mortality,  and  for  the  presence 
of  inhalation  injury.  Patients  eligible  to  enter  this  trial  will 
be  randomized  to  receive  one  of  two  solutions  as  their  enteral 
support  product.  Once  entered  into  the  trial,  the  research 
dietician  will  randomly  pull  a  card  from  a  file  containing  an  equal 
di stribution  of  the  two  products.  The  research  dietician  will  be 
the  only  member  of  the  research  team  aware  of  this  result  and  will 
also  be  responsible  for  preparation  and  distribution  of  the  product 
to  the  nursing  personnel  responsible  for  the  patient.  The  tube 
feeding  products  will  be  colored  by  the  addition  of  a  food  coloring 
dye  so  that  they  are  indistinguishable  from  each  other.  The  use  of 
such  dyes  is  standard  practice  at  this  Institute.  The  compositions 
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of  the  tube  feeding  products  in  grams  per  1,500  ml  are  listed 
below.  The  solutions  are  isocaloric  and  isonitrogenous .  This 
study  will  initially  evaluate  Impact®  and  Solution  D  (see  Table  1)  . 
If  warranted,  additional  studies  based  on  the  other  solutions 
listed  will  be  proposed.  Solutions  will  be  obtained  from  Sandoz 
Nutrition  (Minneapolis  MN) . 


Table  1 . 

Composition 

of  Solutions  (g/l. 

500  ml; 

Solution 

Impact® 

A 

B 

C 

D* 

Intact  protein 

65 

65 

65 

65 

65 

Arginine 

18.75 

18.75 

18.75 

- 

- 

Glycine 

- 

- 

- 

32.32 

32 . 32 

Fish  oil 

16.65 

16.65 

- 

16.65 

- 

Structured  lipid 

25 

25 

- 

25.0 

- 

Corn  oil 

- 

- 

34 

- 

34 

MCT  oil 

- 

- 

7.65 

- 

7.65 

RNA 

2 . 256 

- 

2.25 

- 

- 

CHO  (malto  dextran) 

198 

198 

198 

184 .43 

184 . 43 

*Isocaloric/isonitrogenous  control  solution. 


Description  of  Procedures.  All  feeding  will  be  performed 
through  enteral  feeding  tubes  placed  f luoroscopically  in  the  distal 
duodenum  or  proximal  jejunum.  Feeding  will  begin  between  48  and  96 
h  postburn.  Tube  feeding  will  begin  at  25  cc/h  full  strength  and 
will  be  advanced  to  the  amount  and  strength  necessary  to  meet  100% 
of  predicted  energy  requirements  using  the  Institute's  standard 
formula.  Advancement  will  be  performed  at  a  rate  of  25  cc/h  every 
12  h.  Tube  feeding  will  not  be  discontinued  for  operative 
procedures.  The  clinician  responsible  for  the  patient  may  decrease 
or  temporarily  discontinue  for  the  following  reasons: 

1.  Diarrhea,  defined  as  >  5  liquid  stools  or  a  total  stool 
volume  of  >  1,200  g/day. 

2.  Evidence  of  tube  dysfunction  or  malposition. 

3.  Evidence  of  reflux  of  tube  feeding  into  stomach  or 
documented  aspiration  of  tube  feeding  solution. 
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4.  Abdominal  distension  associated  with  abdominal  pain 
(cramps) . 

5.  Any  intraabdominal  condition  that  contraindicates  use 
of  the  gut  as  the  route  of  nutritional  support. 

6.  Glucose  intolerance  not  responsive  to  standard  insulin 
therapy.  Tube  feeding  will  not  be  increased  beyond  the  calculated 
maximal  rate  to  provide  100%  support.  If  it  is  the  opinion  of  the 
clinician  that  support  at  level  of  >  100%  of  estimated  requirements 
is  necessary,  the  patient  will  be  withdrawn  from  the  study. 

With  the  exception  of  the  research  dietician,  personnel 
involved  in  this  study  and  in  the  patient's  care  will  be  unaware  of 
which  product  is  being  used.  Data  concerning  the  total  volume 
intake  of  product  (hourly  and  daily) ,  carbohydrate  infusion  rate 
(mg/kg/min)  ,  and  percent  of  estimated  caloric  requirements  (daily) 
will  be  available  to  the  clinician,  as  it  is  considered  essential 
to  manage  the  patient  safely.  It  will  not  be  possible  from  this 
information  alone  to  break  the  blinded  nature  of  this  study. 

The  following  data  will  be  collected  and  recorded  on  days  0 
(preinfusion),  5,  10,  15,  and  20: 

1.  Weight. 

2.  Nitrogen  balance  (Waxman's  Formula). 

3.  V02,  VC02,  and  REE  by  indirect  calorimetry. 

4.  CBC  and  platelet  count. 

5.  Electrolytes,  Ca,  Mg,  and  phosphorus. 

6.  BUN. 

7.  Creatinine. 

8.  Glucose,  albumin,  bilirubin,  SGOT,  and  alkaline 
phosphatase . 

*9.  Plasma  amino  acid  levels  and  polyunsaturated  fatty 
acids  and  urinary  polyamines  and  orotic  acid. 

*10.  Prealbumin. 

*11.  T-cell  surface  markers. 

*12.  WBC,  differentiated. 

*13.  EA  rosetting  (to  be  performed  by  COL  Wright)  and 
granulocyte  surface  antigens  CR1  and  CR3 . 
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*14.  MOA63108,  CD  11/18,  and  ICAM  by  FACS  (PMNs) . 

*Indicates  experimental  procedures.  The  remainder  are  routine  care 
items . 

In  addition  to  the  these  studies,  the  following  data  will  be 
collected.  Importance  will  be  assessed  to  insure  comparability  of 
study  groups . 

1.  Preburn  weight. 

2  .  Age . 

3.  Sex. 

4.  Total  body  surface  area  burn  size. 

5.  Presence  or  absence  of  inhalation  injury. 

6.  Daily  weight,  unless  clinically  contraindicated. 

7.  Weekly  nitrogen  balance. 

8.  Weight  at  discharge. 

9.  Weekly  prealbumin  and  results  of  liver  function  tests. 

10.  Percent  estimated  requirements  met. 

During  the  initial  21-day  study  period,  no  other  exogenous 
nutritional  support  will  be  given,  with  the  exception  of  D5W  or  D5W 
electrolyte  solutions  needed  to  maintain  fluid  balance.  If  during 
this  period  it  is  felt  that  other  exogenous  support  is  necessary, 
the  patient  will  be  withdrawn  from  the  study.  After  21  days,  other 
types  of  support  can  be  added  at  the  discretion  of  the  responsible 
clinician.  During  this  time  period,  the  patient  will  continue  to 
receive  only  the  study  product  as  an  enteral  supplement  if  a 
combination  of  oral  and  tube  feedings  is  felt  necessary.  The 
patient's  active  participation  in  the  study  will  end  when  the 
patient  is  felt  to  no  longer  require  tube  feedings  and  the  tube  is 
removed. 

Infectious  complications  will  be  recorded  and  classified  as 
follows : 

1.  Septicemia  -  Documented  only  by  positive  blood 
cultures . 

2.  Tracheobronchitis  -  Defined  as  >  25  WBC/hpf  and  <  5 
epithelial  cells  per  high  power  field  on  tracheal  aspirate  and  the 
presence  of  a  predominant  organism  on  culture. 
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3.  Pneumonia  -  Defined  as  localized  infiltrate  on  chest 
x-ray,  fever  >  102. 5°F,  and  sputum  leukocytosis. 

4.  Wound  infection  -  Histopathologically  documented  burn 
wound  invasion. 

5.  Urinary  tract  infection  -  >  105  organisms/ml  on 
catheterized  or  clean-catch  specimen. 

6.  Miscellaneous  infections  -  Sinusitis,  meningitis, 
phlebitis,  etc. 

The  incidence  of  infection  will  be  as  described  in  the  monthly 
infection  report  as  prepared  by  the  US  Army  Institute  of  Surgical 
Research  Infection  Control  Committee.  Cause  of  death  and  autopsy 
results  and  cultures,  if  applicable,  will  also  be  recorded. 

Patient  Criteria.  Sixty  patients  admitted  to  the  US  Army 
Institute  of  Surgical  Research  will  be  enrolled  in  this  study. 
Properly  signed  and  witnessed  DA  Forms  5303-R,  Volunteer  Agreement 
Affidavit,  will  be  obtained  from  each  patient  prior  to  beginning 
the  study. 

Patient  Inclusion.  Patients  meeting  the  following  criteria 
may  be  enrolled  in  the  study  upon  giving  written  informed  consent: 

1.  Male  or  female  patients  >  18  yr  of  age.  Female 

patients  must  have  been  surgically  sterilized,  be  postmenopausal 
(>  45  yr  of  age  and  the  lack  of  menstrual  periods  for  >  1  yr)  ,  or 

have  a  negative  pregnancy  test  prior  to  initiation  into  the  study. 

2.  Patients  with  burn  sizes  >  20%  of  the  total  body 
surface  area.  The  presence  of  an  inhalation  injury  will  not  be 
exclusionary  but  those  patients  with  inhalation  injury  will  be 
separately  randomized  from  those  without  such  injury.  Inhalation 
injury  will  be  diagnosed  by  either  a  positive  bronchoscopy  or 
133Xenon  lung  scan. 

Patient  Exclusion.  Patients  meeting  any  of  the  following 
criteria  will  be  excluded  from  participation  in  this  study: 

1.  Patients  <  18  yr  of  age. 

2.  Patients  who  are  pregnant  or  nursing. 

3.  Patients  with  an  injury  as  a  result  of  an  electrical 
burn  or  toxic  epidermal  necrolysis. 

Determination  of  Number  of  Subjects  Required.  Using  an 
expected  50%  difference  in  the  results  of  PBMC  stimulation  between 
the  two  treatment  groups  as  an  index  and  a  power  of  60%  with  a  0.05 
significance  level,  it  is  estimated  that  15  patients  per  group  are 
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required.  There  will  be  4  groups  (2  =  no  inhalation  injury,  2  = 
inhalation  injury)  for  a  total  of  60  patients. 

Data  Analysis  Plan.  Inhalation  and  noninhalation  groups  will 
be  analyzed  separately.  Differences  between  treatment  groups  will 
be  determined  by  ANOVA,  The  endpoint  to  determine  a  positive  study 
outcome  will  be  a  statistically  significant  increase  in  lymphocyte 
function,  i.e.,  ConA  stimulation  of  MLR  activity.  It  is  not 
expected  that  significant  differences  in  patient  outcome  variables 
will  occur;  however,  these  variables  will  be  monitored  in  case  such 
a  difference  should  occur. 


RESULTS 

This  project  was  approved  by  the  USAISR  Research  Council  and  US 
Army  Institute  of  Surgical  Research  Human  Use  Committee  during  the 
first  quarter  of  fiscal  year  1991.  Equipment  and  supplies  have 
been  ordered  and  work  will  be  initiated  shortly. 

DISCUSSION 

When  the  projected  total  of  60  patients  have  completed  the 
study,  the  data  will  be  analyzed  as  to  the  efficacy  of  various 
nutritional  components  specifically  designed  to  promote  immune 
function  in  hypermetabolic  patients. 

PRESENTATIONS/PUBLICATIONS 


None . 
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23/24.  (U)  The  objective  of  this  work  is  to  evaluate  the  efficacy  of  5% 
aqueous  mafenide  acetate-soaked  dressings,  employed  either  for  final 
debridement  of  burn  wounds  or  following  application  of  meshed  cutaneous 
autograft  to  prevent  infection  and  desiccation  of  the  tissue  exposed  in  the 
interstices  of  such  grafts.  Patients  admitted  to  this  Institute  for  care 
following  thermal,  chemical,  or  electric  injury  will  be  treated  with  5* 
aqueous  mafenide  acetate  soaks  daily. 

25.  (U)  9010  -  9109.  One  hundred  and  twenty-eight  patients  were  treated 

with  5%  aqueous  mafenide  acetate  soaks.  Four  of  these  patients  exhibited 
mild  cutaneous  atopy.  This  low  incidence  of  mild  side  effects  of  5%  aqueous 
mafenide  acetate  and  its  continued  ciinicai  effectiveness  speak  for  the 
continued  use  of  this  valuable  therapeutic  agent. 
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ABSTRACT 


PROJECT  NUMBER:  3M1 62787A874-00,  Applied  Research  and  Exploratory 

Development 

PROJECT  TITLE:  5%  Aqueous  Sulfamylon®  Soaks  Used  in  Topical 

Treatment  of  Burned  Patients 

INSTITUTION:  US  Army  Institute  of  Surgical  Research,  Fort  Sam 

Houston,  San  Antonio,  Texas  78234-5012 

PERIOD  COVERED  IN  THIS  REPORT:  1  October  1990  -  30  September  1991 

INVESTIGATORS :  William  F .  McManus,  MD,  Colonel,  MC 

Basil  A  Pruitt,  Jr.,  MD,  Colonel,  MC 


During  this  reporting  period,  5%  aqueous  mafenide  acetate 
dressings  have  continued  to  be  efficacious  in  the  care  of  the  burn 
wound.  One  hundred  and  twenty-eight  patients  were  treated  with  5% 
aqueous  mafenide  acetate  dressings,  employed  either  for  final 
debridement  of  a  wound  or  following  application  of  meshed  cutaneous 
autografts  to  prevent  desiccation  of  tissue  exposed  in  the 
interstices  of  such  grafts.  A  3.1%  incidence  of  skin  rash  (a  opy) 
wai  noted  as  the  only  adverse  reaction.  The  clinical  results 
achieved  by  the  use  of  5%  aqueous  mafenide  acetate  solution 
strongly  support  its  continued  use. 


5%  AQUEOUS  S  U  LF  AMY  LON®  SOAKS  USED  IN  TOPICAL  TREATMENT 

OF  BURNED  PATIENTS 


During  this  reporting  period,  the  evaluate  'n  of  5%  aqueous 
mafenide  acetate  solution  for  topical  treatment  of  the  burn  wound 
has  continued  at  this  Institute  where  it  was  used  for  128  of  216 
patients  (59.2%).  The  5%  aqueous  mafenide  acetate-soaked  dressings 
are  used  as  wet-to-dry  dressings  to  debride  nonviable  tissue 
elements  in  preparation  for  split-thickness  autograft  procedures  or 
as  continuous  wet  dressings  to  protect  freshly  excised  wounds  that 
are  not  autografted.  In  addition,  when  meshed  cutaneous  autografts 
are  applied,  dressings  are  soaked  with  5%  aqueous  mafenide  acetate 
solution  to  decrease  the  rate  of  bacterial  growth  and  to  prevent 
desiccation  of  tissue  exposed  in  the  interstices  of  such  grafts. 

Four  patients  (3. It)  demonstrated  allergic  reactions  (atopy) 
with  the  use  of  5%  aqueous  mafenide  acetate  solution  and  these 
patients  demonstrated  rapid  resolution  of  the  atopic  reaction 
following  administration  of  an  antihistamine  and/or  discontinuation 
of  the  5%  aqueous  mafenide  acetate-soaked  dressings.  Saline  or 
other  aqueous  topical  antimicrobial  agents  were  substituted  when  5% 
aqueous  mafenide  acetate-soaked  dressings  were  discontinued  and  no 
other  adverse  reactions  were  noted  in  this  group  of  patients. 

The  use  of  5%  aqueous  mafenide  acetate-soaked  dressings  has 
continued  to  be  efficacious,  both  in  the  preparation  of  the  burn 
wound  for  cutaneous  autografting  and  in  the  prevention  of 
desiccation  of  ungrafted  granulation  tissue.  In  addition,  5% 
aqueous  mafenide  acetate  solution  is  most  helpful  in  preventing 
desiccation  or  premature  bacterial  colonization  of  meshed  cutaneous 
autografts.  The  dressings  over  such  meshed  autografted  skin  can  be 
left  in  place  for  an  average  of  3  days,  allowing  development  of 
good  adherence  of  the  autografts  prior  to  the  first  dressing 
change.  The  efficacy  and  the  low  incidence  of  adverse  side  effects 
speak  for  continued  use  of  this  solution. 
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Photic  control  of  the  melatonin  rhythm  and  the  daytime  loss  of  sympathetic 
responsiveness  of  the  pineal  will  be  studied  in  murine  models  and  the 
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pineals.  A  new  assay  system  with  iodinated  tracer  and  ammonium  sulfate 
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extraction  procedure  did  not  differ.  The  large  within-assay  coefficient  of 
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reduced  the  nonspecific  binding  from  8-9%  to  1.7%.  The  least  detectable  was 
lowered  to  2  pg/ml  for  assay  of  0.25  ml  of  sample.  The  problem  of  altered 
assay  recovery  upon  dilution  of  hamster  serum  appears  to  have  been  improved 
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dd  <498 


EOITION  OF  MAR  68  IS  OBSOLETE. 


*  UtWO:  1M  -A  91*003/ VO  529 


57 


SUPPLEMENTAL  WORK  UNIT  INFORMATION  FOR  THE  PROJECT  ENTITLED 
"STUDIES  OF  THE  NEUROENDOCRINE  ABNORMALITIES  IN  BURN  INJURY" 


Subrecord/Linking  Accession  Number:  Not  applicable. 

Search  Control  Data:  W6R11I/W6R13L,  19  October  1989. 

Product  Identification:  For  technical  reports,  refer  to  the  US 
Army  Institute  of  Surgical  Research  Annual  Research  Progress 
Report  for  fiscal  years  1980-91. 

Unclassified  Special  Categories:  Volunteers:  Adults;  Lab  Animals: 
Rat  s ;  RA  1 1 . 


58 


ABSTRACT 


PROJECT  NUMBER:  3M1 62787A874 ,  Applied  Research  and  Exploratory 

Development 

PROJECT  TITLE:  STUDIES  OF  THE  NEUROENDOCRINE  ABNORMALITIES  IN 

BURN  INJURY:  In  vitro  Response  of  Burned  Rat 

Pineals  to  Isoproterenol  (ISO)  -  Use  of  a  New 
Melatonin  (MEL)  Assay  and  Its  Further  Development 

INSTITUTION:  US  Army  Institute  of  Surgical  Research,  Fort  Sam 

Houston,  San  Antonio,  Texas  78234-5012 

PERIOD  COVERED  IN  THIS  REPORT:  1  October  1990  -  30  September  1991 

INVESTIGATORS:  George  M.  Vaughan,  MD,  Colonel,  MC 

Basil  A.  Pruitt,  Jr.,  MD,  Colonel,  MC 


The  Stockgrand  MEL  antibody  was  used  in  a  RIA  procedure 
involving  sample  extraction,  antibody  reaction  with  eluates  and 
radioi odinated  MEL  tracer,  and  ammonium  sulfate  separation.  Single 
rat  pineals  taken  during  daytime  and  incubated  in  vitro  produced 
approximately  12  ng  MEL  (measured  in  the  medium)  by  4  h  and  20  ng 
by  8  h  of  incubation.  With  10-6  M  ISO  in  the  medium,  production 
was  60  ng  by  4  h  and  150  ng  by  8  h.  The  production  at  4  h  with  and 
without  ISO  was  the  same  for  pineals  taken  from  rats  with  a  22% 
total  body  surface  area  burn  as  for  pineals  from  rats  with  a  sham 
burn.  Assessment  of  a  modified  procedure  for  MEL  assay  in  serum 
(involving  a  second-antibody  system  and  a  lesser  concentration  of 
ammonium  sulfate  as  separant)  showed  a  marked  reduction  in 
nonspecific  binding  and  in  assay  variation.  The  least  detectable 
concentration  in  buffer  (2.8  pg/ml)  allowed  estimation  of  nocturnal 
serum  values  higher  than  that.  Such  samples  (pooled)  for  Syrian 
hamsters  were  estimated  at  13.8  pg/ml  with  100%  assay  recovery. 
Serial  dilutions  this  serum  source  approached  the  least 
detectable  and  roughly  approximated  parallelism  with  the  projected 
standard  curve . 
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IN  VITRO  RESPONSE  OF  BURNED  RAT  PINEALS  TO  ISOPROTERENOL  (ISO) : 
USE  OF  A  NEW  MELATONIN  (MEL)  ASSAY  AND  ITS  FURTHER  DEVELOPMENT 


Abnormalities  of  sympathetic  function  occur  in  burn  injury, 
with  increased  sympathetic  tone  underlying  further  increases 
occurring  episodically  during  care  of  patients  and  terminal 
sympathetic  unresponsiveness  in  those  who  do  not  survive  (1) .  MEL 
is  produced  in  the  pineal  gland  and  is  the  only  known  hormone 
secreted  systemically  and  whose  primary  stimulus  for  production  is 
norepinephrine.  Sympathetic  stimulation  of  the  pineal  has  been 
reviewed  previously  (2,3).  MEL  may  provide  a  useful  index  of 
sympathetic  function  to  employ  in  studies  of  the  control  of 
sympathetic  activity  and  responsiveness.  An  earlier  study  (4) 
disclosed  what  appeared  to  be  a  blunting  of  the  nocturnal  MEL  surge 
in  burn  patients.  That  study  employed  an  assay  which,  though 
perhaps  the  best  available  one  at  the  time,  was  not  optimal  for 
serum  samples.  This  was  partly  because  nonspecific  serum  elements 
appear  to  provide  sufficient  "noise"  that  values  (primarily  those 
from  daytime  with  low  MEL)  cannot  adequately  be  assessed  in  that 
RIA.  For  the  Syrian  hamster,  a  model  of  pineal  function  similar  to 
that  in  humans,  this  problem  is  magnified  in  that  the  nocturnal 
serum  MEL  peak  is  apparently  lower  in  this  species  than  in  rats  and 
humans  and  probably  cannot  be  assessed  adequately  with  that  assay. 
In  fact,  an  adequate  assessment  of  the  magnitude  of  serum  MEL 
concentration  in  the  Syrian  hamster  has  not  been  available. 

We  previously  developed  another  RIA  for  MEL  (5)  with  use  of  a 
more  specific  antibody  (6)  which  allowed  greater  sensitivity  and  a 
more  reliable  assessment  of  lower  levels.  As  a  further  general 
test  of  this  assay  system,  we  have  employed  ISO  stimulation  of  rat 
pineals  in  vitro.  We  obtained  initial  results  of  in  vitro  ISO 
stimulation  of  pineals  in  the  burn  rat  model.  Finally,  we  modified 
the  assay  to  address  some  of  its  remaining  shortcomings  and  report 
the  concentration  found  in  several  sources  of  serum. 

MATERIALS  AND  METHODS 

The  MEL  RIA  (5)  employed  the  Stockgrand  (6)  ovine  antiserum 
704/8483  (Stockgrand  Ltd,  United  Kingdom)  diluted  1:3000  in  0.1  M 
tricine  buffer  in  saline,  0.1%  gelatin,  and  100  mg/L  thimerosal,  pH 
7.0  (the  assay  buffer).  In  this  buffer  was  separately  also 
dissolved  the  tracer,  125I-iodomelatonin  (IM.215,  2000  Ci/mmoi 
(Amersham  Corporation,  Arlington  Heights,  IL) ) .  The  standard  MEL 
concentrations  were  diluted  either  in  this  buffer  or  in 
phosphate-buffered  saline  gelatin.  Samples  (0.25  ml  standards  or 
unknowns)  were  extracted  in  12  X  75-mm  glass  tubes  with  2  ml 
chloroform  (certified  ACS,  assay  99.9%,  ethanol  preservative  0.75%, 
CRM--A  UN1888  (Fisher  Scientific  Company,  Fair  Lawn,  NJ)  )  .  The 
chloroform  phase  was  washed  (vortexed)  successively  with  0.25  ml 
0.1  N  NaOH,  then  deionized  H20.  Another  aliquot  of  H20  (without 
vortexing)  was  used  to  attempt  to  remove  the  last  traces  of  NaOH. 
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The  chloroform  was  evaporated  (approximately  1  h)  in  a  vacuum 
centrifuge,  followed  by  elution  in  0.5  ml  assay  buffer  at  4°C 
overnight,  followed  by  a  wash  with  2  ml  petroleum  ether  (certified 
ACS,  E139-1  (Fisher  Scientific  Company))  and  transfer  of  0.4  ml 
washed  eluate  to  another  set  of  glass  tubes  in  an  ice  bath.  To 
these  tubes  were  added  0.05  ml  1%  physiologic  sheep  gamma  globulin 
carrier  in  assay  buffer;  0.05  ml  1:3000  antiserum;  and  0.05  ml 
tracer,  a  constant  4000-8000  cpm.  The  mixture  was  incubated 
overnight  at  4  C  followed  by  addition  of  2  ml  cold  ammonium  sulfate 
35  g/dl  in  H20,  another  incubation  (30  min)  at  4°C,  and 
centrifugation  at  4°C  and  2000  g  for  30  min.  The  precipitates 
(bound  cpm)  were  counted  in  a  gamma  scintillation  counter,  and  the 
cpm  data  (corrected  only  for  background)  were  reduced  by 
four-parameter  logistic  regression  with  the  preextraction  standard 
concentrations  followed  by  use  of  the  parameters  and  cpm  of 
unknowns  to  estimate  MEL  in  pg/ml  for  samples  as  they  existed  prior 
to  extraction. 

Male  rats  weighing  a  mean  396  g  were  maintained  on  a  light/dark 
cycle  of  14:10  h  and  sacrificed  at  approximately  3-4  h  into  the 
light  phase.  Pineals  were  taken  after  decapitation  and  placed 
separately  in  1  ml  minimal  essential  medium  (No.  11-100-22  (Flow 
Laboratories,  Inc.,  McLean,  VA) ) ,  Auto  Pow,  without  glutamine,  with 
phenol  red  and  with  our  addition  of  NaHC03  2  g/L,  gentamicin  50 
mg/L,  and  then  fetal  calf  serum  to  10%  of  the  total  volume,  final 
pH  7.4)  for  pre-gassing,  then  incubation  at  37 °C  with  or  without 
ISO,  under  an  atmosphere  of  95%  02  and  5%  C02,  as  previously 
described  (7,8).  In  another  experiment,  rats  (mean  weight  43C  g) 
were  maintained  as  above  and  divided  into  those  receiving  a 
standard  full-thickness  scald  burn  (22%  of  the  total  body  surface 
area)  under  sodium  pentobarbital  (35  mg/kg)  anesthesia  with  15  ml 
physiologic  saline  resuscitation  given  between  the  times  of  back 
and  front  components  of  the  burn,  and  those  receiving  only 
anesthesia,  hair  clipping,  and  resuscitation  (sham  burn) .  Burned 
areas  were  traced  onto  paper.  These  were  cut  out  and  weighed 
(along  with  area  standards  for  the  same  paper)  in  order  to 
determine  the  burned  area.  Total  body  surface  area  was  determined 
as  10  times  the  body  weight  in  grams  raised  to  the  two-thirds 
power.  On  postburr.  day  8,  rats  v,ere  decapitated  as  above  and 
pineals  were  placed  in  vials  for  a  4-h  incubation  as  above  with  or 
without  ISO.  The  medium  was  sampled  at  various  rimes  in  all 
incubation  studies  and  frozen  at  -60°C.  Suitable  dilutions  were 
made  for  MEL  assay  so  that  most  samples  gave  20-80%  inhibition  of 
tracer  binding  by  antibody. 

Following  this,  because  of  rather  high  nonspecific  binding  and 
within-assay  coefficients  of  variation  (CV) ,  the  assay  was  modified 
by  adding  anti-sheep-ganuna  globulin  (second  antibody)  to  the 
reaction  mixture  either  at  the  time  when  the  first  (ovine)  antibody 
and  carrier  were  added  or  at  other  times.  Additionally,  various 
concentrations  of  separant  (ammonium  sulfate)  and  buffer 
substitution  were  assessed. 
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Data  analyses  were  performed  with  the  BMDP  statistical  package 
(9)  on  a  VAX  4000  system. 


RESULTS 

For  the  assay  as  used  in  the  first  part  of  these  studies 
(without  second  antibody) ,  the  nonspecific  binding  (NSBQ)  cpm  in 
tubes  without  antibody  or  MEL  was  approximately  6%  of  total  cpm. 
Another  estimate  (NSBb)  of  nonspecific  binding,  the  logistic 
projection  of  cpm  for  infinite  MEL  concentration,  was  approximately 
9%.  Neither  estimate  was  used  in  calculating  MEL  concentration, 
because  this  was  done  by  logistic  regression  of  the  uncorrected  cpm 
on  preextraction  concentration.  The  B0  (proportion  of 
NSBB-corrected  cpm  bound  by  antibody  out  of  the  total  cpm  in  the 
absence  of  MEL)  was  approximately  33%.  The  analytic  least 
detectable  (MEL  concentration  at  a  cpm  equal  to  the  mean  minus  2SD 
for  cpm  of  9  tubes  with  no  MEL)  was  usually  about  5  pg/ml  of  buffer 
(before  extraction)  but  occasionally  extended  higher,  up  13  pg/ml, 
depending  on  the  variability  of  response  to  the  zero-MEL  standards. 
The  ED50  (MEL  concentration  producing  cpm  halfway  between  those  for 
zero-MEL  and  NSBb)  was  usually  about  30  pg/ml  of  buffer  before 
extraction.  Based  on  buffer  samples  containing  between  12.5  and 
250  pg/ml,  the  mean  within-assay  CV  was  usually  20%  but  often  lower 
in  the  25-100  pg/ml  range. 

Pooled  hamster  night  serum  (collected  near  the  time  of  the 
expected  peak  nocturnal  serum  MEL)  gave  values  ranging  14  to  22 
pg/ml  in  different  runs.  Dilution  of  serum  aliquots  1:2  and  1 : 4  in 
buffer  resulted  in  progressively  lower  MEL  values  with  highly 
variable  dilution-corrected  recovery.  This  variability  reflected 
the  assay  "noise"  in  the  output  from  samples  with  small  amounts  of 
MEL  and  less  than  10-20%  inhibition  of  tracer  binding,  at  a 
position  on  the  curve  where  relatively  small  changes  in  binding 
produce  large  changes  in  calculated  concentration.  Subsequent  use 
of  this  procedure  was  confined  to  samples  with  sufficient  MEL  to 
produce  usually  more  than  20%  inhibition. 

Figure  1  shows  the  effect  of  ISO  in  the  medium  of  incubating 
pineals  from  normal  rats.  The  largest  rise  in  MEL  production 
occurred  at  10~6  M  ISO.  Previous  results  indicated  that  rat 
pineals  such  as  these  weigh  approximately  1.5  mg.  As  can  be  seen, 
they  can  produce  about  20  ng/pineal  by  8  h  in  the  unstimulated 
state  and  150  ng/pineal  by  8  h  when  stimulated  by  ISO.  Table  1 
indicates  that  10'16  M  ISO  stimulates  in  vitro  production  of  MEL  by 
rat  pineals  with  no  discernable  effect  of  a  22%  burn  at  postburn 
day  8 . 

It  is  to  be  noted  that,  if  in  the  assay  as  used  above  without 
second  antibody,  one  uses  >  35  g/dl  ammonium  sulfate  as  the 
concentration  for  the  separant  (2  ml),  the  NSB0  rises  with  no 
appreciable  augmentation  of  B0 .  On  the  other  hand,  when  the 
separant  concentration  is  <  35  g/dl,  both  NSB0  and  B0  fall,  such 
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SINGLE  PINEAL  INCUBATIONS  IN  1  ml  MEDIUM 
^Si-meiatQpj,-,  tracer  RIA 


MELATONIN  (ng  /  pineal  medium) 


2  4  6 

INCUBATION  TIME  (h) 


FIGURE  1.  Mean  ±  SE  MEL  accumulated  in  the  medium  with  a  pineal 
and  several  concentr?tions  of  (or  no)  ISO,  sampled  at 
various  times  (n=4/group) .  **P  <  0.01,  ***p  <  0.001  vs 

zero  ISO  at  the  same  time  point  (separate  variance  t 
test)  . 


that  almost  none  of  the  specifically  bound  tracer  is  precipitated 
when  1  ml  of  buffer  is  substituted  for  the  ammonium  sulfate 
separant . 

In  the  following  procedures,  0.04  ml  unextracted  buffer  was 
used  in  place  of.  the  eluate  for  addition  of  assay  components  in  the 
absence  of  MEL.  Initial  trials  of  further  modification  of  he 
assay  by  adding  0.05  ml  of  various  dilutions  of  a  second  antibody 
(Ab2)  were  made  using  1  ml  cold  buffer  in  place  of  the  ammonium 
sulfate  separant  with  immediate  centrifugation  and  decanting. 
Anti-sheep-gamma  globulin  from  two  sources  (Stockgrand  Ltd,  United 
Kingdom,  and  Sigma  Chemical  Company,  St.  Louis,  MO)  produced  no 
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usable  precipitation  of  specifically  bound  tracer,  as  indicated  by 
B0  of  <9%.  However,  donkey  anti-sheep-gamma  globulin  from 
Fitzgerald  (40-DS40,  Fitzgerald  Industries  International,  Inc., 
Chelmsford,  MA)  produced  a  B0  of  22%  when  added  undiluted  (0.05  ml) 
at  the  beginning  of  the  first  antibody  incubation  extended  for  24 
or  48  h,  or  when  added  at  24  h  into  a  48-h  incubation.  When  this 
Ab2  was  added  after  24  h  of  first  incubation  and  left  for  only  60 
min  before  addition  of  buffer  for  decantation,  B0  was  15%.  Thus, 
this  Ab2  could  most  conveniently  be  added  at  the  beginning  of  the 
incubation,  in  sequence  after  carrier  (sheep  gamma  globulin,  15131, 
0.2  mg/ml,  1%  physiologic  in  buffer  (Sigma  Chemical  Company),  first 
antibody,  and  tracer.  The  Ab2  from  Fitzgerald  was  used  in 
subsequent  studies. 

With  this  AB2  system,  2  ml  of  several  concentrations  of  cold 
ammonium  sulfate  (separant)  with  immediate  centrifugation  and 
decanting  was  used  instead  of  the  buffer  before  centrifugation  and 
decanting.  As  seen  in  Table  2,  35  g/dl  ammonium  sulfate  detected 
B0  at  30.3%.  But,  this  was  apparent  only  after  subtracting  an 
unacceptable  20%  (of  total  counts)  as  NSB0.  The  optimal 
concentration  appeared  to  be  17.5  g/dl,  at  which  the  B0  was  still 
29%  (also  comparable  to  that  in  the  previous  system  with  no  second 
antibody),  but  the  NSB0  fell  to  1.1%.  An  effect  of  ammonium 
sulfate  in  the  presence  of  second  antibody  was  suggested  by  the 
fall  in  B0  with  smaller  separant  concentrations. 

With  use  of  2  ml  17.5  g/dl  ammonium  sulfate,  different 
dilutions  of  the  Ab2  were  tested  (fig  2) .  For  comparison,  1  ml  of 
buffer  was  used  instead  of  ammonium  sulfate.  In  both  cases, 
centrifugation  and  decanting  followed  immediately.  Ammonium 
sulfate  was  more  effective  as  a  separant  than  buffer,  and  undiluted 
Ab2  (0.05  ml)  seemed  optimal. 

As  seen  in  Figure  3,  with  use  of  1  ml  buffer,  precipitation  of 
the  bound  tracer  decays  with  more  time  elapsed  before 
centrifugation  and  decanting.  However,  with  use  of  2  ml  17.5  mg/dl 
ammonium  sulfate,  the  amount  of  first-antibody  bound  tracer  that 
was  precipitated  was  higher  and  stable. 

For  further  study,  undiluted  Ab2  (0.05  ml)  was  added  for  the 
entire  first  antibody  incubation  and  2  ml  cold  17.5  g/dl  ammonium 
sulfate  (with  30  min  further  incubation  at  4°C)  was  used  as 
separant.  This  modified  system  was  then  employed  with  the  usual 
eluate  from  extracted  samples  and  MEL  standards.  In  essence,  this 
procedure  modification  involves  use  of  Ab2  and  17.5  g/dl  ammonium 
sulfate  instead  of  the  previous  35  g/dl  ammonium  sulfate  alone  to 
precipitate  bound  tracer.  Calculations  were  all  based  on 
preextraction  concentrations.  With  this  modified  (Ab2)  system, 
five  runs  were  made  and  all  standards  and  samples  were  extracted  in 
triplicate  in  a  run. 
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TABLE  2.  Influence  of  Ammonium  Sulfate  on  Melatonin  Tracer 
Precipitation  in  the  Presence  of  Undiluted  Ab2 


Ammonium  Sulfate  (a/dl)  = 

35 

17.5 

8.75 

4.38 

B0  (%) 

30.3 

29.1 

26.2 

25.4 

NSBq  (%) 

20.0 

1.1 

1 . 5 

1.0 

Ab2  indicates  second  antibody  (donkey  anti-sheep) ;  B0,  proportion 
of  total  tracer  counts  precipitated  in  the  absence  of  added 
nonradioactive  melatonin,  corrected  by  subtraction  of  NSBC;  and 
NSBq,  proportion  of  counts  precipitated  in  the  absence  of  both 
melatonin  and  first  anti.body. 


Table  3  gives  some  performance  data  for  this  system.  Though 
the  B0  and  ED50  were  about  the  same  as  those  for  the  previous  assay 
system,  other  parameters  showed  considerable  improvement.  NSB0  and 
NSBb  showed  near-agreement  and  both  were  below  2%.  Variability  was 
reduced  so  that  the  within-assay  CV  was  5.6%  for  buffer  and  7.5% 
for  serum  samples.  The  between-assay  CV  was  approximately  5%.  The 
least  detectable  in  buffer  was  2.8  pg/ml  .of  unextracted  standard 
equivalent . 

Pooled  hamster  night  serum  MEL  was  estimated  at  13.8  pg/ml,  and 
recovery  of  MEL  added  to  aliquots  of  this  appeared  to  be  100%. 
However,  when  aliquots  of  the  hamster  samples  were  diluted  with 
buffer,  dilution-corrected  recovery  was  above  100%  as  the  expected 
MEL  value  approached  the  least  detectable.  For  burned  human  serum 
and  normal  rat  night  serum  with  greater  starting  concentrations  of 
MEL,  dilution-corrected  recovery  was  approximately  100%  of 
predicted.  Figures  4  and  5  give  the  binding  profiles  for  two  runs 
which  included  serial  dilutions  of  serum  samples.  The  dashed  line 
extends  from  the  point  for  the  undiluted  sample  in  a  line  ideally 
parallel  to  the  standard  curve.  The  observed  dilution  points 
apparently  fell  off  this  line  for  hamster  serum  more  than  did  those 
for  the  other  serum  sources.  Nevertheless,  even  with  the  hamster 
serum  dilutions  above  80%  B/B0  (bound  cpm  as  a  fraction  of  bound 
cpm  in  the  absence  of  MEL) ,  the  response  was  qualitatively  in  the 
expected  direction  approaching  parallelism. 

DISCUSSION 

The  presently  explored  MEL  assay  as  used  without  an  Ab2  system 
and  with  relatively  concentrated  ammonium  sulfate  as  the  separant 
was  adequate  to  assess  the  high  concentrations  of  MEL  found  in 
medium  surrounding  an  incubated  pineal.  The  resulting  estimates 
agreed  closely  with  those  found  previously  with  another  assay  for 
incubated  normal  rat  pineals  with  and  without  a  (3-adrenergic 
stimulus  such  as  norepinephrine  or  ISO  (7,8).  These  studies  showed 
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B0  (%) 


Ab2  Dilution 

FIGURE  2.  Effect  of  Ab2  and  separant  on  MEL  tracer  precipitation. 

Means  of  triplicates  with  2  ml  ammonium  sulfate  or  1  ml 
buffer  (each  at  4-6°C)  added  as  separant  at  the  end  of 
the  20-h  incubation  with  first  antibody,  carrier, 
tracer,  and  second  antibody  at  4°C.  Binding  was 
assessed  as  counts  precipitated  by  centrifugation  and 
measured  after  decanting. 


that,  as  expected  for  most  tissues  that  receive  noradrenergic 
postganglionic  innervation,  the  protective  nerve-ending  uptake 
mechanism  may  interfere  with  the  use  of  norepinephrine  for 
stimulating  the  pineal  gland  (7) .  Consequently,  ISO,  which  is  not 
taken  up  in  the  nerve  endings,  provides  an  advantage  and  has  been 
used  (8)  .  The  absence  of  an  effect  of  burn  injury  on  the  pineal 
response  to  ISO  may  be  due  to  relatively  small  size  of  the  burn 
(22%).  This  system  should,  though,  provide  a  model  for  studying 
larger  burns  and  the  influence  of  infection  and  of  the  other 
(noncatechol)  hormones  that  change  in  burn  injury  and  sepsis 
(corticosteroids,  iodothyronines ,  and  glucagon).  The  blunting  of 
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B0  and  NSB0  (%) 


Ammonium  Sulfate 
1 7.5  g/dl 


20- 


Q. 


io  A 


Buffer 


Separant  incubation  time  (h) 


FIGURE  3.  Stability  of  binding  in  the  Ab2  system  with  separant. 

Means  of  triplicates  with  2  ml  ammonium  sulfate  or  1  ml 
buffer  added  as  separant  after  the  20-h  antibody 
incubation  which  included  undiluted  Ab2 .  Antibody  and 
separant  incubations  were  at  4°C. 


the  nocturnal  surge  of  circulating  MEL  in  burn  patients  previously 
observed  (4)  may  have  been  due  to  the  presence  of  large  burns  and 
sepsis  in  some  of  the  patients,  though  this  explanation  remains  to 
be  established. 

The  antibody  used  in  this  assay  was  chosen  on  the  basis  of  its 
specificity,  which  is  more  important  when  measuring  MEL  in  serum. 
Serum  has  more  antibody-interfering  substances  than  medium  from 
incubated  pineals  and  the  MEL  concentrations  are  lower  in  serum. 
The  presently  used  antibody  had  specificity  sufficient  to  be  used 
in  unextracted  serum  (6)  wherein  it  could  detect  changes  in  the 
range  found  in  humans  during  the  nocturnal  MEL  surge  (40-80  pg/ml) . 
However,  as  originally  reported,  even  with  the  original  use  of 
large  (0.5  ml)  samples,  the  least  detectable  was  10  pg/ml,  not 
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TABLE  3.  Trials  of  the  Melatonin  Assay  with  the  Ab2  System 
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Samples  from  normal  animals  collected  near  the  time  of  the  nocturnal  MEL  peak. 
Samples  collected  from  patients  3-4  h  past  the  nocturnal  MEL  peak,  expected  to  be 
almost  as  high  as  at  the  peak. 

Samples  from  normal  humans  or  rats  collected  during  the  day  when  MEL  is  expected  to  be 


B0  (%) 


FIGURE  4.  Melatonin  tracer  binding  profile  with  the  Ab2  system. 

Means  of  triplicates  for  B/B0,  NSBB-corrected  proportion 
of  MEL-tracer  bound  divided  by  that  in  the  absence  of 
added  nonradioactive  MEL.  Standards  are  related  to  the 
preextraction  MEL  concentration  in  buffer.  B/B0  values 
for  HamNS  (pooled  Syrian  hamster  night  serum  collected 
near  the  nocturnal  MEL  peak)  dilutions  in  buffer  before 
extraction  are  placed  arbitrarily  on  the  abscissa  with 
appropriate  spacing  between  dilutions. 


practical  for  the  Syrian  hamster  in  which  nocturnal  MEL  appears  to 
be  about  14  pg/ml .  This  least  detectable  likely  resulted  from  the 
original  use  of  charcoal-extracted  serum  as  the  matrix  for 
standards  as  well  as  a  large  amount  of  antibody  and  MEL  tracer. 
The  latter  was  tritiated  and  of  low  specific  activity  compared  to 
the  iodomeiatonin  used  currently.  We  also  use  one-fourth  the 
amount  of  antibody.  In  our  procedure  including  Ab2/  even  with 
cne-half  the  sample  volume  (herein  0.25  ml),  the  least  detectable 
is  reduced  to  about  3  pg/ml.  Use  of  an  Ab2  system  in  the  assay 
provides  acceptable  CV  (5%  between  assay)  for  values  in  the  range 
of  nocturnal  samples  in  several  species.  Though  there  appears  to 
be  some  margin  for  fidelity  with  lower  values,  it  is  still  not 
likely  that  changes  in  serum  MEL  in  the  range  of  daytime  values  can 
be  estimated  with  fidelity. 


70 


S/B0  (%) 


FIGURE  5.  Melatonin  tracer  binding  profile  with  the  AB2  system. 

Means  of  triplicates  for  B/B0.  Standard  B/B0  values  in 
buffer  (•)  are  related  to  the  preextraction  nontracer 
MEL  concentration.  BHS,  pooled  burned  human  serum, 
collected  during  the  late  part  of  the  nocturnal  MEL 
surge.  RNS,  pooled  rat  night  serum,  collected  near  the 
peak  of  the  nocturnal  surge.  B/B0  values  for  BHS  and 
RNS  dilutions  in  buffer  before  extraction  are  placed  at 
an  arbitrary  position  along  the  abscissa  though  the 
spacing  between  dilutions  is  set  by  the  relative  MEL 
concentrations  expected  from  dilution. 
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Twelve  patients  from  this  Institute  have  been  enrolled  in  this 
study.  In  patients  receiving  growth  hormone,  the  administration  of 
either  5  or  10  mg/day  of  recombinant  human  growth  hormone  resulted 
in  a  dose  range  of  0.05-0.15  mg/kg  of  ideal  body  weight.  Analysis 
of  the  IGF-1  response  in  these  patients  indicated  the  lack  of  a 
consistent  response  as  well  as  IGF  levels  not  significantly 
elevated  over  control  patients  until  postburn  day  14.  Since  IGF-1 
response  is  an  indicator  of  growth  hormone  action,  it  is 
hypothesized  that  this  lack  of  response  may  be  secondary  to 
inadequate  drug  dosing.  There  was  a  wide  range  of  donor  site 
healing  times  among  all  patients,  ranging  from  4-19  days  for  the 
treated  group  and  8-14  days  for  the  control  group.  This  lack  of 
response  may  be  due  to  inadequate  drug  dosing  or  the  fact  that 
therapy  was  initiated  at  variable  times  following  resuscitation. 
No  untoward  effects  secondary  to  administration  of  recombinant 
human  growth  hormone  were  noted  in  this  group  of  patients. 

The  total  number  of  patients  required  by  the  sponsor  for 
completion  of  this  multicenter  study  have  been  enrolled  and  data  is 
currently  being  analyzing  by  the  sponsor.  The  Institute's  portion 
of  the  study  was  completed  on  31  March  1991. 
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THE  EFFECT  OF  RECOMBINANT  HUMAN  GROWTH  HORMONE 
TREATMENT  ON  THE  RATE  OF  HEALING  ON 
BURN  PATIENTS  WHO  REQUIRE  SKIN  GRAFTING 


The  development  of  genetic  engineering  techniques  has  made 
available  large  amounts  of  naturally  occurring  peptides.  It  is  now 
possible  to  test  the  potential  of  such  peptides,  some  of  which  may 
be  clinically  useful  in  situations  which  require  tissue 
regeneration.  This  study  was  designed  to  evaluate  the  efficacy  and 
safety  of  recombinant  human  growth  hormone  on  the  rate  of  healing 
in  burn  patients. 

The  overall  effect  of  growth  hormone  on  protein  metabolism  is 
illustrated  by  the  well  documented  increase  in  linear  growth  that 
results  from  the  administration  of  growth  hormone  to  growth 
hormone-deficient  children.  Growth  hormone  administration  improves 
nitrogen  balance,  increases  somatomedin-C  levels,  and  increases 
body  cell  mass  in  growth  hormone-deficient  children  (1).  Growth 
hormone  also  exerts  a  positive  effect  on  nitrogen  balance  and 
somatomedin-C  in  healthy  adults  (2-4). 

Recent  studies  using  methionyl  human  growth  hormone 
(Protropin®)  in  calorie-deprived  human  volunteers  illustrated  its 
anabolic  effect.  Hypocaloric  parenteral  nutrition  resulted  in 
negative  balance  of  nitroyen  and  potassium.  These  trends  were 
markedly  reversed  when  growth  hormone  was  given.  Changes  in  body 
weight  followed  a  similar  pattern  (5) . 

Stressed  patients ,  whether  septic,  postoperative,  or  victims  of 
burns  or  trauma,  undergo  well  described  metabolic  changes  that 
result  in  negative  nitrogen  balance  and  loss  of  body  protein. 
There  is  evidence  that  as  the  catabolic  state  continues,  it  results 
in  decreased  resistance  to  infection,  poor  wound  healing,  and  in 
general,  prolonged  recovery.  When  patients  cannot  eat,  nutrients 
may  be  provided  by  intravenous  feedings,  but  such  an  approach  is 
not  always  successful  and  parenteral  nutrition  is  associated  with 
significant  side  effects. 

Investigators  have  attempted  to  modify  the  metabolic  response 
to  stress  with  hormonal  interventions,  notably  insulin  (6), 
anabolic  steroids  (7-8),  and  growth  hormone.  Administration  of 
insulin  and  anabolic  steroids  has  met  with  little  success  and  has 
not  been  generally  used  in  clinical  practice.  Until  recently, 
growth  hormone  was  not  available  in  sufficient  quantity  for  use  as 
an  anabolic  agent.  The  current  availability  of  biosynthetically 
produced  human  growth  hormone  has  made  it  possible  to  explore  the 
clinical  efficacy  of  this  hormone. 

A  limited  number  of  studies  were  carried  out  with  pituitary 
growth  hormone,  primarily  in  burned  patients  and  experimental 
animals.  Gump  et  al  (9)  demonstrated  that  burned  rats  receiving 
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adequate  nutrition  and  growth  hormone  did  not  suffer  a  catabolic 
response,  but  when  the  burned  rats  were  starved,  they  lost  weight 
at  a  greater  rate  than  control  animals.  In  1960,  Soroff  et  al  (10) 
demonstrated  similar  positive  effects  of  human  growth  hormone 
administration  in  patients  during  the  anabolic  phase  of  burn 
recovery . 

Liljedahl  et  al  (11)  and  Wilmore  et  al  (12)  both  showed  that 
growth  hormone  caused  a  significant  improvement  in  nitrogen  and 
potassium  balance  in  the  postburn  period,  the  latter  specifically 
with  high  calorie  and  protein  intake. 

The  role  of  growth  hormone  in  postoperative  nutrition  and 
nitrogen  loss  has  been  examined  in  a  few  studies.  Rowe  and  Kinney 
(13)  demonstrated  an  alteration  in  substrate  utilization  in 
postoperative  orthopedic  patients  given  growth  hormone,  with  a  fall 
in  respiratory  quotient  and  a  shift  to  lipid  substrate.  Johnston 
and  Kadden  (14)  showed  no  improvement  in  nitrogen  balance  after 
herniorrhaphy  in  patients  treated  with  growth  hormone  compared  to 
matched  controls.  However,  nitrogen  intakes  were  low,  caloric 
provision  was  not  measured,  and  only  the  immediate  postoperative 
period  was  studied. 

In  recent  work,  Wilmore  et  al  used  methionyl  human  growth 
hormone  (Protropin®)  to  evaluate  whether  growth  hormone  can  promote 
anabolism  in  surgical  patients.  Patients  (n=9)  received  a  constant 
parenteral  infusion  of  a  hypocaloric  diet  which  provided  1100 
kcal/24  h  and  1.3  g/kg/24  h  protein  for  at  least  2  weeks.  During 
one  week.  Protropin®  (10  mg  SC)  was  given  daily  and  the  other  week 
served  as  the  control.  Daily  balance  studies  demonstrated  that 
growth  hormone  resulted  in  significant  retention  of  nitrogen  (+3.4 
g/24  h)  and  phosphorus  (+218  mg/24  h)  despite  provision  of  only  60% 
of  caloric  requirements.  Six  patients  received  Protropin®  daily 
(10  mg  SC)  for  up  to  25  consecutive  days.  Significant  nitrogen  and 
phosphorus  retention  occurred  over  the  entire  period  of  growth 
hormone  administration  and  no  significant  side  effects  were 
observed . 


It  was  the  clinical  impression  of  these  investigators  that  the 
nitrogen  retention  associated  with  growth  hormone  administration 
was  accompanied  by  accelerated  wound  healing  and  an  apparent 
decrease  in  morbidity  and  duration  of  hospital  stay. 

It  was  the  purpose  of  this  double-blind,  randomized, 
placebo-controlled  study  to  determine  whether  administration  of 
recombinant  human  growth  hormone  accelerates  wound  healing  in 
burned  patients.  Because  the  heterogeneity  of  burns  makes  it 
difficult  to  evaluate  healing  among  patients,  this  controlled  study 
focuses  on  the  rate  of  healing  of  the  patients'  skin  graft  donor 
sites.  However,  healing  of  the  primary  burn,  duration  of 
hospitalization,  and  mortality  were  also  evaluated. 


78 


MATERIALS  AND  METHODS 


Study  Design.  For  this  multicenter,  randomized,  double-blind 
study,  patients  were  randomized  to  receive  daily  subcutaneous  or 
intramuscular  injections  of  0.2  mg/kg  recombinant  human  growth 
hormone  or  placebo  until  the  end  of  hospitalization.  Patients  were 
randomized  to  treatment  or  control  groups  by  the  Biostatistics  and 
Data  Management  Division  of  Genentech,  Inc.  (South  San  Francisco 
CA) .  Groups  were  balanced  for  age,  cause,  and  extent  of  burn. 

The  "study  wound"  was  a  donor  site  from  which  skin  was  taken 
for  grafting.  The  donor  site  was  part  of  a  planned  and  necessary 
surgical  procedure  and  the  care  of  the  donor  skin  was  not  greatly 
altered  from  standard  techniques.  The  methods  for  taking  the  skin 
and  caring  for  the  donor  site  wound  were  standardized  for  ail 
patients.  All  wounds  were  inspected  and  evaluated  by  one  observer. 

Number  of  Patients.  Up  to  100  patients  were  authorized  for 
enrollment  in  this  study  based  on  eligibility  criteria  and  informed 
consent.  For  purposes  of  computing  statistical  power,  an  average 
healing  time  of  12  days  for  "young"  patients  and  16  days  for 
"older"  patients  was  used.  A  25%  reduction  in  healing  time,  3-4 
days,  was  considered  clinically  significant.  Assuming  a  standard 
deviation  of  about  3  days  after  adjusting  for  age,  cause,  and 
extent  of  burn,  a  total  of  100  patients  would  provide  at  least  95% 
power  for  one-tail  t  tests  at  the  0.05  a  level  comparing  the 
treatment  and  control  groups  (including  adjustments  for  multiple 
comparisons)  . 

Patient  Criteria.  Patients  admitted  to  the  US  Army  Institute 
of  Surgical  Research  were  offered  the  opportunity  to  participate  in 
this  study.  Properly  signed  and  witnessed  DA  Forms  5303-R, 
Volunteer  Agreement  Affidavit,  were  obtained  from  each  patient 
prior  to  initiation  of  the  study. 

Patient  Inclusion.  Patients  meeting  the  following  criteria 
were  considered  for  enrollment  in  the  study: 

1.  Male  or  female  patients  >  18  and  <  80  yr  old.  Female 
patients  were  either  surgically  sterile  or  postmenopausal  (>  45  yr 
old  and  the  lack  of  menstrual  periods  for  >  1  yr)  or  had  a  negative 
pregnancy  test  prior  to  initiation  into  the  study. 

2.  Patients  with  flame  oi  scald  burns  requiring  a  skin 
graft  from  the  anterior  upper  thigh,  buttock,  or  lateral  upper  arm. 
This  site  was  the  "test  wound"  and  was  evaluated  for  time  of 
healing. 


3.  Patients  with  burns  <  LD7c,  the  size  of  burn  at  which 
75%  of  the  patients  die  at  any  particular  age,  using  the  US  Army 
Institute  of  Surgical  Research  probit  analysis  (15). 
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4.  Patients  with  successful  resuscitation  without  major 
complication . 

5.  Patients  who  were  able  to  take  a  minimum  of  80%  of 
maintenance  energy,  protein,  and  other  nutrient  requirements  by  the 
enteral  or  parenteral  route. 

6.  Patients  with  inhalation  injuries  were  eligible. 
Patients  maintained  on  mechanical  ventilation  were  required  to  have 
a  satisfactory  P02  and  PC02  on  <  60%  oxygen. 

7.  Patients  with  a  prehospitalization  weight  between  80 
and  140%  normal  body  weight  as  determined  from  standard  tables  for 
age  and  sex  (Desirable  Weight  Tables,  Metropolitan  Life  Insurance 
Company,  1959) . 

8.  Patients  with  a  single  uncomplicated  fracture  of  a 
long-bone  were  eligible. 

Patient  Exclusion.  Patients  meeeting  any  of  the  following 
criteria  were  excluded  from  participation  in  the  study: 

1.  Patients  <  18  or  >  80  yr  old. 

2.  Patients  who  were  pregnant  or  nursing. 

3.  Patients  without  flame  or  scald  burns  requiring  a  skin 
graft  from  the  anterior  upper  thigh,  buttock,  or  lateral  upper  arm. 

4.  Patients  with  burns  >  LD-,5,  the  size  of  burn  at  which 
75%  of  the  patients  die  at  any  particular  age,  using  the  US  Army 
Institute  of  Surgical  Research  probit  analysis  (15) . 

5.  Patients  who  had  complications  during  the 
resuscitation  period. 

6.  Patients  who  were  not  able  to  take  a  minimum  of  80%  of 
maintenance  energy,  protein,  and  other  nutrient  requirements  by  the 
enteral  or  parenteral  route. 

7.  Patients  with  inhalation  injuries  on  mechanical 
ventilation  with  unsatisfactory  P02  and  PC02  or  on  >  60%  oxygen. 

8.  Patients  with  a  prehospitalization  weight  <  80  and 
>  140%  normal  body  weight  as  determined  from  standard  tables  for 
age  and  sex  (Desirable  Weight  Tables,  Metropolitan  Life  Insurance 
Company,  1959) . 

9.  Patients  with  associated  head  injuries  requiring 
specific  therapy. 
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10.  Patients  with  associated  injuries  to  the  chest  or 
abdomen  requiring  surgery  or  tube  drainage. 

11.  Patients  with  multiple  fractures. 

12.  Patients  with  a  history  of  cancer  within  5  yr  or 
active  neoplasia. 

13.  Patients  with  insulin-dependent  diabetes  mellitus. 

14.  Patients  with  renal  failure  (creatinine  >  1.5  mg/dl) . 

15.  Patients  with  hepatic  disease  (bilirubin  >  3.0  mg/dl) . 

16.  Patients  with  a  past  history  of  chronic  infection  such 
as  AIDS  or  tuberculosis. 

17.  Patients  with  uncompensated  congestive  heart  failure. 

18.  Patients  with  other  chronic  illnesses  such  as 
arthritis,  cirrhosis,  hyperlipidemia,  or  autoimmune  disease 
requiring  drug  therapy. 

19.  Patients  who  required  chronic  glucocorticoid  or 
nonsteroidal  anti-inflammatory  drugs. 

20.  Patients  with  an  established  clinically  significant 
nonburn  wound -related  infection. 

21.  Patients  who  received  any  other  experimental  drug 
therapy  within  2  months  of  the  study. 

Medication,  Doae,  and  Administration .  Recombinant  human  growth 
hormone  was  supplied  for  this  study  as  sterile,  lyophilized  powders 
in  vials  containing  5  mg  growth  hormone.  The  placebo  consisted  of 
excipient  which  was  identical  in  appearance  to  the  test  drug.  Each 
morning,  patients  received  0.2  mg/kg  recombinant  human  growth 
hormone  or  placebo  by  subcutaneous  or  intramuscular  injection. 
Treatment  was  begun  as  early  as  possible  after  resuscitation  or 
stabilization  (regardless  of  timing  of  surgery)  and  continued  for 
the  duration  of  hospitalization.  Other  medications  were 
administered  as  needed,  including  histamine  antagonist,  insulin, 
antihypertensive,  cardiac,  pain,  and  sleeping  medications. 

Wound  Care.  Graft  donor  sites  evaluated  as  part  of  this  study 
were  on  the  anterior  upper  thigh,  buttock,  or  upper  arm.  These 
were  the  usual  and  preferred  sites  for  taking  skin  for  grafting. 
Skin  was  taken  from  the  site  with  a  dermatome  set  at  10/lOOOs  of  an 
inch  in  thickness  and  full  width.  Two  designated  dermatomes  were 
used  exclusively  for  patients  enrolled  in  this  study.  In  addition, 
skin  from  the  donor  site  was  harvested  by  only  two  investigators. 
Only  the  first  harvest  of  a  donor  site  was  used  for  this  study. 
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Fine-mesh  gauze  was  applied  to  all  donor  sites.  Bed  cradles  were 
used  to  assure  that  bed  sheets  did  not  displace  the  fine-mesh  gauze 
and  the  patient  was  positioned  so  that  the  donor  site  was  exposed 
to  the  air. 

Laboratory  Studies.  Laboratory  studies  (see  Table  1  for  the 
study  plan  flow  chart)  were  performed  weekly  and  included  CBC, 
serum  chemistries,  i.e.,  glucose,  electrolytes,  and  liver  and  renal 
function  tests,  acute-phase  proteins,  i.e.,  transferrin  and 
retinol-binding  protein,  urinalysis,  free  thyroxine,  growth  hormone 
antibodies  (baseline  and  last  day  of  study  only) ,  insulin  levels 
(for  patients  not  on  exogenous  insulin),  and  pharmacokinetics. 
Hematology,  serum  chemistries,  thyroid  function  tests,  and 
urinalyses  were  determined  for  all  patients  by  Smith  Kline 
Bioscience  Laboratories  (Philadelphia  PA)  and  transferrin  and 
retinol-binding  protein  by  the  Laboratory  for  Surgery  Metabolism 
and  Nutrition. 

Following  the  tenth  injection,  a  full  24-h  pattern  of 
endogenous  and  exogenous  recombinant  growth  hormone  levels  were 
measured.  A  3-ml  sample  was  drawn  into  a  standard  tube  without 
anticoagulants  (red  top)  every  4  h  and  centrifuged,  with  samplings 
scheduled  to  include  a  sample  drawn  approximately  2  h  after  the 
onset  of  sleep  when  the  usual  normal  surge  of  growth  hormone 
occurs.  Samples  frozen  on  dry  ice  were  then  shipped  to  Genentech, 
Inc.,  via  overnight  delivery  as  soon  as  possible  after  the  sample 
was  drawn . 

Somatomedin-C,  one  measure  of  the  index  of  activity  of  the 
recombinant  growth  hormone,  was  measured  at  each  blood  draw.  A 

2- ml  blood  sample  was  drawn  into  a  standard  tube  containing  EDTA 
(purple  top)  and  centrifuged.  The  plasma  was  then  removed  and 
immediately  frozen.  Samples  frozen  on  dry  ice  were  shipped  to 
Genentech,  Ire.,  via  overnight  delivery  as  soon  as  possible  after 
the  sample  was  drawn. 

Physical  Examinations.  Physical  examinations  were  performed 
daily  and  included  weight,  concomitant  medications,  vital  signs, 
and  any  adverse  events . 

Nutrition.  Near  constant  nutritional  intake  was  provided 
beginning  on  the  first  postoperative  day.  This  provided  at  least 
89%  of  energy  and  protein  requirements  (calculated  by  standard 
formulae) .  The  nutrients  were  provided  in  the  same  relative 
proportion  throughout  the  study,  with  protein  accounting  for  15-25% 
total  energy,  carbohydrate  providing  50-80%,  and  fat  providing 

3- 40%.  Additional  calories  and  protein  could  be  provided,  but  they 
were  not  to  be  more  than  25%  of  the  estimated  total  requirements. 
Carbohydrate  intake  did  not  exceed  6  mg/kg/min  (about-  500  g/day  for 
the  usual  patient) .  Nutrients  were  provided  by  the  enteral  or 
enteral-parenteral  routes  throughout  the  study  and  the  route  was 
altered  according  to  the  clinical  course  of  the  patient.  Intake 
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TABLE  1. 

Study  Plan  Flow 

Chart 

Baseline 

Dailv 

Weeklv 

Physical  examination* 

X 

X 

Burn  evaluation 

X 

X 

Vital  signs 

X 

X 

Weight 

X 

X 

Concomitant  medications 

X 

X 

Nutritional  intake 

X 

X 

Complete  blood  count 

X 

X 

Serum  chemistries 

X 

X 

Transferrin 

X 

X 

Retinol-binding  protein 

X 

X 

Urinalysis 

X 

X 

Free  thyroxine 

X 

X 

Somatomedin-C 

X 

X 

Human  growth  hormone 
antibody  test 

Study  medication 

Adverse  events 

X 

X 

X 

X 

♦Includes  graft  site  evaluation  with  photographs  beginning  the 
third  postoperative  day. 


was  monitored  by  the  hospital  dietitian  and  nutrition  was 
supervised  by  a  single  nutritionist. 

End  Points. 

Donor  sites.  On  the  third  postoperative  day,  the  wound  was 
examined  by  a  trained  evaluator.  The  donor  site  wound  was  measured 
and  photographed  using  a  standard  camera  and  distance.  Using 
sterile  technique,  each  of  the  four  corners  of  the  fine-mesh  gauze 
was  gently  lifted  to  determine  if  the  dressing  was  adherent  to  the 
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underlying  skin.  This  was  done  using  sterile  forceps  and  minimal 
tension.  At  the  end  of  the  examination,  the  unattached  fine-mesh 
gauze  was  trimmed  away  with  scissors  and  the  dressing 
rephotographed.  This  examination  procedure  was  performed  each  day 
until  the  fine-mesh  gauze  was  completely  removed.  Complete  removal 
indicated  complete  wound  healing.  Using  the  measurements  and 
photographs,  the  fraction  of  the  wound  covered  with  fine-mesh  gauze 
(unhealed)  was  plotted  as  a  function  of  time.  The  time  to  90% 
wound  closure  was  compared  between  treatment  and  control  groups. 

Primary  Burn.  The  extent  of  the  burn  was  charted  on  graphs 
developed  by  the  National  Burn  Information  Exchange  (16) .  Second 
and  3°  burn  areas  were  noted  separately.  The  total  area  involved 
was  calculated  at  the  time  of  the  first  graft  and  weekly 
thereafter.  The  fraction  of  unhealed  2°  and  3°  sites  was  plotted 
as  a  function  of  time  for  the  three  treatment  groups. 

Length  of  Hospitalization.  Length  of  hospitalization  was 
defined  as  the  time  from  admission  until  hospital  discharge. 

Nutrition.  Nutritional  intake  was  determined  by  daily 
calorie  counts  in  patients  who  were  eating  spontaneously  and/or 
from  volume  of  parenteral  nutrients. 

Infection  Rates/Mortality.  Infection  rates  and  mortality 
were  compared  among  the  three  treatment  groups. 

Statistical  Analyses.  Mortality  (survival  time)  and  healing 
time  of  the  skin  graft  donor  site  were  the  primary  end  points. 
Differences  between  treatment  and  control  groups  were  assessed  with 
respect  to  mortality  using  Cox  model  regression  survival  analysis, 
with  age,  cause  of  burn,  and  extent  of  burn  as  covariate3. 
Differences  between  treatment  and  control  groups  with  respect  to 
healing  time  of  the  skin  graft  donor  site  for  patients  who  did  not 
die  were  also  evaluated  using  analysis  of  covariance,  with  age, 
cause  of  burn,  and  extent  of  burn  as  covariates. 

Healing  time  of  the  primary  burn  site  and  length  of 
hospitalization  were  secondary  end  points,  the  analysis  of  which 
was  similar  to  that  for  healing  time  of  the  skin  graft  donor  site. 
Nutritional  intake  and  infection  rates  were  also  secondary  end 
points  for  which  appropriate  comparisons  were  made  between 
treatment  and  control  groups. 

Adverse  events  were  tabulated  and  appropriate  comparisons  were 
made  between  treatment  and  control  groups.  Laboratory  safety  data 
were  tabulated  and  values  outside  normal  limits  identified. 

RESULTS 

Twelve  patients  from  this  Institute  were  enrolled  in  this 
study.  In  patients  receiving  growth  hormone,  the  administration  of 
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either  5  or  10  mg/day  resulted  in  a  dose  range  of  0.05-0.15  mg/kg 
of  ideal  body  weight.  Analysis  of  IGF-1  response  in  these  patients 
indicated  the  lack  of  a  consistent  response  as  well  as  IGF  levels 
not  significantly  elevated  over  control  patients  until  postburn  day 
14.  Since  IGF-1  response  is  an  indicator  of  growth  hormone  action, 
it  is  hypothesized  that  this  lack  of  response  may  be  due  to 
inadequate  drug  dosing.  There  was  a  wide  range  of  donor  site 
healing  times  among  all  patients,  ranging  from  4-19  days  for  the 
treatment  group  and  8-14  days  for  the  control  group.  This  lack  of 
response  may  be  secondary  to  inadequate  drug  dosing  or  the  fact 
that  therapy  was  initiated  at  variable  times  following 
resuscitation.  No  untoward  effects  secondary  to  administration  of 
recombinant  human  growth  hormone  were  noted  in  this  group  of 
patients . 


DISCUSSION 

The  total  number  of  patients  required  by  the  sponsor  for 
completion  of  this  multicenter  study  have  been  enrolled  and  data  is 
currently  being  analyzing  by  the  sponsor.  The  Institute's  portion 
of  the  study  was  completed  on  31  March  1991. 

PRESENTATIONS/PUBLICATIONS 


None . 


REFERENCES 

1.  Collipp  PJ,  Thomas  J,  Curti  V,  et  al:  Body  composition 

changes  in  children  receiving  human  growth  hormone. 

Metabolism  22:589-95,  1973. 

2.  Beck  JC,  McGarry  EE,  Dyrenfurth  I,  et  al:  Primate  growth 

hormone  studies  in  man.  Metabolism  9:699-737,  1960. 

3.  Bergenstall  DM  and  Lipsett  MB:  Metabolic  effects  of  human 

growth  hormone  and  growth  hormone  of  other  species  in  man.  J 
Clin  Endo  Metab  20:1427-36,  1960. 

4.  MRC  Panel:  The  effectiveness  in  man  of  human  growth  hormone. 
Lancet  I (7062) : 7-12,  1959. 

5.  Manson  JM  and  Wilmore  DW:  Positive  nitrogen  balance  with 

human  growth  hormone  and  hypocaloric  intravenous  feeding. 
Surgery  100:188-97,  1986. 

6.  Hinton  P,  Allison  SP,  Littlejohn  S,  et  al:  Insulin  and 

glucose  to  reduce  catabolic  response  to  injury  in  burned 
patients.  Lancet  1:767-9,  1971. 


85 


7.  Tweedle  D,  Walton  C,  and  Johnston  ID:  The  effect  of  an 

anabolic  steroid  on  postoperative  nitrogen  balance.  Br  J  Clin 
Pract  27:130-2,  1973. 

8.  Yule  GA,  Macfie  J,  and  Hill  GL:  The  effect  of  an  anabolic 
steroid  on  body  composition  in  patients  receiving  intravenous 
nutrition.  Aust  NZ  J  Surg  51:280-4,  1981. 

9.  Gump  FE,  Schwartz  MS,  and  Prudden  JF:  Studies  on  growth 

hormone.  VI.  Dependence  of  anabolism  on  the  level  of  intake. 
Am  J  Med  Sci  239:27-32,  1360. 

10.  Soroff  HS,  Rozin  RR,  Mooty  J,  et  al:  Role  of  human  growth 
hormone  in  the  response  to  trauma.  I.  Metabolic  effects 
following  burns.  Ann  Surg  166:739-52,  1967. 

11.  Liljedahl  SO,  Gemzell  CA,  Plantin  LO,  et  al:  Effect  of  human 
growth  hormone  in  patients  with  severe  burns.  Acta  Chir  Scand 
122:1-14,  1961. 

12.  Wiimore  DW,  Moylan  JA  Jr,  Bristow  BF,  et  al:  Anabolic  effects 
of  human  growth  hormone  and  high  caloric  feedings  following 
thermal  injury.  Surg  Gynecol  Obstet  138:875-84,  1974. 

13.  Roe  CF  and  Kinney  JM:  The  influence  of  human  growth  hormone 
on  energy  sources  in  convalescence.  Surg  Forum  13:369-71, 

1962. 

14.  Johnston  ID  and  Hadden  DR:  Effect  of  human  growth  hormone  on 
the  metabolic  response  to  surgical  trauma.  Lancet  1:584-6, 

1963. 

15.  Shirani  KZ,  Pruitt  BA  Jr,  and  Mason  AD  Jr:  The  influence  of 
inhalation  injury  and  pneumonia  on  burn  mortality.  Ann  Surg 
205:82-7,  1987. 

16.  Feller  I  and  Jones  CA:  The  National  Burn  Information 

Exchange.  The  use  of  a  national  burn  registry  to  evaluate  and 
address  the  burn  problem.  Surg  Clin  North  Am  67:167-89,  1987. 


86 


RESEARCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


A  T6  Oh  JuMWIR  V 

19  >:cv  9  0 


9  Lfc VEL  OF  SUM 

A  WOAK  UNIT 


10  SO- COOES  PROGRAM  €  uEMCNT  |  PROJECT  NUMfEP  -  A  S  *C  A  fl  C  A  N  UM  6  E  R 


wONK  uNiT  N  vjM  0  €  R 


ii  title  rAv.«»A -ha  s... nfT  cia»./a»(io«  c««i  ( u )  Effect  of  C  lo  t  r  ima  z  o  i  e  on  the  Prevention  of 
F-unoal  .Colonization  and  Infection  in  Thermally  Injured  Patients _ 


13  SUBJECT  AfltAI 

0605  Medicine  and  Medical  Research 


13.  START  D*TC  14  E*TIMAT|0  COMAcfTlON  OATt  1  S  F  UN  0 INQ  O  *0  ANI 2  A  T I  ON  l«.  MRFOflMANCI  MlTHOO 

9011  9309  1  BA  1  I  C.  In-House 


IT.  CONTAACT/OAANT 


c~Jar«TJ-''T  '■  w«wftw. 


CSOuRCf  S  ESTiMa  T« 


P.  F  (JN09  (l*  (AOuMRNi 


q  aOORCSS 

Fort  Sam  Houston 

San  Antonio,  Texas  78234-5012 


je-  NAME  OF  PRINCIPAL  iNVISTiqaTO" 

RUE,  L  W 


a  TELEPHONE  NUM# I  R  OA^iyp*  e<MU> 

512-221-4440 


t-NAMC  OP  ASSOCIATE  INVESTIGATOR  /I NMiPMI 


c  NAME  OF  RESPONSIBLE  INO'V'OUAL 

PRUITT , 


<3.  TELEPHONE  N  UMSC  R  /iwriwde  mrwo  cixui 

512-221-2720 


31.  general  USE 

FINA 

military /civilian  application  ^ 


22.  MVWOR0S  /^NceA*  SaCH  mtth  Sttmrtfy  CtaMf/lMNaft  CpB*/  ((Jj  BUTHS  (IP.juriCS)  ;  (U)  Flingi* 

Therapy:  (U)  Immunosuppression:  (U)  Chi  Sauare  Test 


23.  technical  OBJECTIVE  24  APPROACH  25  PrOQRtSJ  ifirtroU  loot  of  omeh  wH*  tot* tr%ty  Cotiti 

23/24.  (U)  The  objective  of  this  work  is  to  assess  the  effectiveness  of 

clotrimazole  in  preventing  fungal  colonization  and  infection  in  thermally 
injured  patients.  Two  hundred  and  twenty  patients  will  be  randomized  in  a 
pair-wise  fashion  to  receive  either  standard  wound  care  of  alternating 
mafenide  acetate  and  silver  sulfadiazine  or  the  standard  wound  care  with  the 
addition  of  clotrimazole  cream.  Routine  microbiologic  surveys  will  be 
performed  and,  if  clinically  indicated  by  the  appearance  of  the  wound, 
biopsies  will  be  obtained  for  histologic  evaluation. 

25.  (U)  8810  -  8909.  Not  applicable. 

( U )  8910  -  9009.  Not  applicable. 

(U)  9010  -  9109.  This  study  was  approved  by  the  USAISR  Research  Council 
and  US  Army  Institute  of  Surgical  Research  Human  Use  Committee  during  the 
first  quarter  of  Fiscal  Year  1991. 


Do  ‘o*u 

iiutn  1  ” 


lomow  or  wan  M  n  omoutl 


87 


RESEARCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


4  kino  of  5  Summary 
Summary  scty 


7  PfGRAO-NG 


18  0 iSO'N  INSTR'N 


RFPOftr  CVSTROL  SYMBOL 

DLbDR+  MtAft)  636 


9  LEVEL  Of  SUM 
A  WORK  UNIT 


D.  C  ha  U 


ia  NO/COOES  IpROGRAM  e  LEVANT  PROJECT  NUMBER  I  -ASK  AREA  NUMBTR  | 


6  2 78 7 A  I3M162787A874 .  CH  i  167 


O.  CONTRIBUTING 


C-  CONTRIBUTING 


WORK  UNIT  NUMBER 


11.  Title  (Prieidi  with  Sicuntf  Cod*)  (U 

Funoal .Colonization  and  Infe 

)  Eff 
ction 

ect  of  Clotrimazole  on  the  Prevention  of 
in  Thermallv  Imured  Patients 

jl2  SUBJECT  ARIAS 

it.  contract/orantMIUTAHY 


AL  YEARS  |  4  PROFESSIONAL  WORK  YE  APS  }  t>  F*_NOS  tin  thou»a*tU 


b.  CQNT AACT.'GAANT  NUMBER 

«.  TYPE 

O  AMOUNT 

«.  KINO  OP  AWaRO 

*.  CUM/TOTAL 

It.  RESPONSIBLE  OOD  ORGANIZATION 


20  PERFORMING  ORGANIZATION 


4.  NAME  It  NAME 

US  Army  Institute  of  Surgical  Research  I  US  Amy  Institute  of  Surgical  Research 


b.  AOORESS  llr%elu6t  up  cod*'  b  AOORESS 

Fort  Sam  Houston  Fort  Sam  Houston 

San  Antonio,  Texas  78234-5012  San  Antonio,  Texas  78234-5012 


C  NAME  OF  PRINCIPAL  INVESTIGATOR 

RUE ,  L  w 


o  TELEPHONE  NUM8EP  o>ic(udf  arfi  to<Wi 

512-221-8440 


C.  NAME  OP  RESPONSIBLE  INOIVIOUAL 

PRUITT ,  3  A 


a  TELEPHONE  NUMBER  Uneludi  aria  codt) 

1 7 1 -?7 


31  GENERAL  USE 

FI  C 


Ml  LI  T  AR  Y/Cl  VI  LI  AN  APPLICATION 


c  NAME  op  ASSOCIATE  IN  VEST  I  GAT  OR  <if0o*U0H*l 

MC  MANUS  /  AT  _ 


22.  kevworos  ip'*"**  fach  u.ith  Steun.-y  cb**»ru*uon  co4*>  ( U )  Burns  (Injuries);  (U)  Fungi; 

on:  (U)  Chi  Square  Test  _  _  _ _ 


23  TECHNICAL  OBJECTIVE  34  »M«o»CH  28.  PROGRESS  tttt  of  gaoh  u/,rA  S#d.nry  cU«nJV«rfo,i  Coda 

23/24.  (U)  The  objective  of  this  work  is  to  assess  the  effectiveness  of 

clotrimazole  in  preventing  fungal  colonization  and  infection  in  thermally 
injured  patients.  Two  hundred  and  twenty  patients  will  be  randor.ized  in  a 
pair-wise  fashion  to  receive  either  standard  wound  care  of  alternating 
mafenide  acetate  and  silver  sulfadiazine  or  the  standard  wound  care  with  the 
addition  of  clotrimazole  cream.  Routine  microbiologic  surveys  will  be 
performed  and,  if  clinically  indicated  by  the  appearance  of  the  wound, 
biopsies  will  be  obtained  for  histologic  evaluation. 

25.  (U)  9011  -  9109.  This  study  was  approved  by  the  USAISR  Research  Council 

and  US  Army  Institute  of  Surgical  Research  Human  Use  Committee  during  the 
first  quarter  of  Fiscal  Year  1991.  Patients  meeting  entry  criteria  are  being 
randomly  enrolled  in  the  study.  It  is  anticipated  that  another  year  or  two 
of  clinical  experience  will  be  required  to  obtain  the  requisite  further  of 
patients  for  meaningful  statistical  analysis. 


1498 


EDITION  OP  Ma«  68  i$  OBSOLETE 


•  ./aa»o  -tm  -Afj-ooj/iom 


SUPPLEMENTAL  WORK  UNIT  INFORMATION  FOR  THE  PROJECT  ENTITLED  "EFFECT 
OF  CLOTRIMAZOLE  ON  THE  PREVENTION  OF  FUNGAL  COLONIZATION  AND 
INFECTION  IN  THERMALLY  INJURED  PATIENTS" 


Subrecord/Linking  Accession  Number:  Not  applicable. 

Search  Control  Data:  W6045B/W604 6D,  6  November  1990. 

Product  Identification:  For  technical  reports,  refer  to  the  US 
Army  Institute  of  Surgical  Research  Annual  Research  Progress  Report 
for  Fiscal  Year  1991. 

Unclassified  Special  Categories:  Volunteers:  Adults;  RA  II. 


89 


ABSTRACT 


PROJECT  NUMBER:  3M162787A874,  Applied  Research  and  Exploratory 

Development 

PROJECT  TITLE:  Effect  of  Clotrimazole  on  the  Prevention  of  Fungal 

Colonization  and  Infection  in  Thermally  Injured 
Patients 

INSTITUTION:  US  Army  Institute  of  Surgical  Research,  Fort  Sam 

Houston,  San  Antonio,  Texas  78234-5012 

PERIOD  COVERED  IN  THIS  REPORT:  19  November  1990  -  30  September  1991 

INVESTIGATORS :  Loring  W.  Rue,  III,  MD,  Major,  MC 

William  G.  Cioffi,  Jr.,  MD,  Major,  MC 

Albert  T.  McManus,  PhD 

Bryan  S.  Jordan,  RN,  MSN 

William  F.  McManus,  MD,  Colonel,  MC 

Basil  A.  Pruitt,  Jr.,  MD,  Colonel,  MC 


Nineteen  patients  have  been  enrolled  in  this  study  to  date. 
When  the  projected  total  of  220  patients  have  completed  the  study, 
the  data  will  be  analyzed  as  to  the  efficacy  of  clotrimazole  in  the 
prevention  of  fungal  colonization  and  infection  in  thermally 
injured  patients. 
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EFFECT  OF  CLOTRIMAZOLE  ON  THE  PREVENTION  OF  FUNGAL 
COLONIZATION  AND  INFECTION  IN  THE  THERMALLY  INJURED  PATIENT 


Opportunistic  fungal  infections  have  been  well  documented  as 
complications  of  uncontrolled  diabetes,  neoplasia,  and  diseases 
associated  with  a  depressed  immune  system  (1) .  Enhanced  growth  of 
fungi  and  yeasts  has  been  associated  with  decreased  host 
resistance,  metabolic  disturbances  such  as  metabolic  acidosis, 
impaired  phagocytosis,  ecologic  disturbances  of  flora  such  as  those 
due  to  the  use  of  antibiotics,  and  local  tissue  defects,  which 
provide  a  portal  of  entry  for  these  organisms  (2) .  Although  there 
has  been  an  overall  decrease  in  the  incidence  of  bacterial  burn 
wound  infection  as  a  consequence  of  topical  antimicrobial  agents, 
opportunistic  infections  by  fungi  and  yeast  have  proved  to  be  a 
problem  facing  the  thermally  injured  patient  (3) . 

Nash  et  al  (4),  in  a  review  of  the  experience  at  this 
Institute,  demonstrated  that  since  the  introduction  of  topical 
mafenide  acetate,  the  incidence  of  infection  caused  by  the  broad 
hyphae  fungi,  such  as  Aspergillus  and  Fusarium,  increased  10-fold 
(4).  Spebar  and  Lindberg  (5),  in  a  review  of  1,245  patients  at 
this  Institute,  noted  a  35%  colonization  rate  with  fungi  or  yeast. 
Of  those  patients,  7%  with  candidal  colonization  developed  invasive 
infection,  whereas  47%  of  patients  colonized  with  fungi  developed 
invasive  infections.  It  appeared  to  those  authors  that  patients  at 
greatest  risk  for  mycotic  infection  were  those  with  extensive 
thermal  injuries  (>  55%  of  the  total  body  surface  area) ,  and  those 
receiving  intravenous  antibiotics  for  bacterial  sepsis.  A  more 
recent  review  of  2,141  patients  over  a  10-yr  period  at  this 
Institute  revealed  54  patients  with  invasive  fungal  infection  as 
compared  with  68  patients  with  bacterial  burn  wound  invasion. 
Patients  sustaining  fungal  burn  wound  infections  had  an  average 
burn  size  of  62%  of  the  total  body  surface  area,  associated 
inhalation  injury  in  47%  of  the  cases,  and  an  overall  mortality  of 
75%.  The  infecting  organism  was  Aspergillus  or  Fusarium  in  68%  of 
cases  and  Candida  in  16%.  The  annual  incidence  for  invasive  fungal 
burn  wound  infection  was  6%.  It  was  clinically  observed  that  33% 
of  patients  with  a  wound  biopsy  histologic  classification  of  1C  or 
greater  had  evidence  of  split-thickness  skin  graft  loss  as  a 
consequence  of  the  fungal  proliferation. 

The  majority  of  the  fungi  colonizing,  and  potentially  invading, 
the  burn  wound  probably  originate  from  the  environment.  Stone  et 
al  (6)  reported  that  most  of  the  cases  at  their  institution 
originated  from  contaminated  air  conditioning  ducts.  Consequently, 
efforts  to  protect  the  wound  from  fungal  colonization  is  an 
attractive  approach  to  the  problem.  This  might  include  specific 
filters  designed  to  decrease  patient  exposure  to  fungi,  added 
precautions  with  linen  which  might  potentially  harbor  fungal 
spores,  and  finally,  the  use  of  topical  antifungal  agents  in  a 
prophylactic  fashion. 
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One  percent  clotrimazole  cream  is  a  synthetic  antifungal  agent 
used  topically  for  dermal  infections  (7).  it  is  a  member  of  the 
imidazole  family  of  antifungal  agents  which  presumably  acts  by 
promoting  intracellular  leakage  of  phosphorus  compounds,  resulting 
in  a  breakdown  of  cellular  nucleic  acids.  This  preparation  has 
been  heralded  as  a  potential  agent  for  the  prevention  of  fungal 
wound  colonization. 

The  objective  of  this  study  is  to  verify  that  clotrimazole  is 
effective  in  preventing  of  fungal  colonization  and  infection  in 
thermally  injured  patients. 

MATERIALS  AND  METHODS 

Study  Design.  Two  hundred  and  twenty  patients  will  be 
randomized  in  a  pair-wise  fashion  to  receive  either  standard  wound 
care  of  alternating  mafenide  acetate  and  silver  sulfadiazine  or  the 
standard  wound  care  with  the  addition  of  clotrimazole  cream 
(Lotrimin®  Cream  1%,  Schenng  Corporation,  Kenilworth,  NJ) . 
Routine  microbiologic  surveys  will  be  performed  and,  if  clinically 
indicated  by  the  appearance  of  the  wound,  biopsies  will  be  obtained 
for  histologic  evaluation. 

Description  of  Procedures.  Two  hundred  and  twenty  patients 
will  be  randomized  to  receive  either  the  standard  wound  care,  i.e., 
morning  application  of  10%  mafenide  cream  at  a  thickness  of 
approximately  l/16th  of  an  inch  and  evening  application  of  1% 
silver  sulfadiazine  cream,  or  the  standard  wound  care  with  the 
addition  of  1%  clotrimazole  cream  applied  prior  to  each  application 
of  the  topical  antimicrobial  agents .  Burn  wounds  are  examined  by 
a  physician  on  a  daily  basis  for  any  evidence  of  burn  wound 
infection.  Routine  microbiologic  cultures  are  obtained  every 
Monday,  Wednesday,  and  Friday,  and  as  clinically  indicated. 
Isolates  from  each  source  are  typed  and  compared  and  the  timing  of 
colonization  for  each  source  is  also  recorded.  Wounds  having  a 
clinical  appearance  suggestive  of  invasive  fungal  infection  will 
undergo  a  full-thickness  lenticular  biopsy  for  histologic 
evaluation.  Evidence  of  invasive  fungal  burn  wound  infection  will 
be  considered  an  indication  for  surgical  excision  of  the  wound. 
Serial  liver  function  tests,  WBC  counts,  BUNs,  and  creatinines  are 
monitored  to  rule  out  any  toxic  effect  of  the  medication. 

Patient  Criteria.  Two  hundred  and  twenty  patients  will  be 
enrolled  in  this  study.  Properly  signed  and  witnessed  DA  Forms 
5303-R,  Volunteer  Agreement  Affidavit,  are  obtained  from  each 
patient  prior  to  beginning  the  study. 

Patient  Inclusion.  Patients  meeting  the  following  criteria 
are  eligible  for  enrollment  in  this  study: 

1.  Male  or  female  patients  _>  18  years  of  age.  Female 
patients  must  have  been  surgically  sterilized,  be  postmenopausal 
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(>  45  yr  and  lack  of  menstrual  periods  for  at  least  1  yr)  ,  or  have 
a  negative  pregnancy  test  prior  to  initiation  into  the  study. 


2.  Patients  admitted  to  the  US  Army  Institute  of 
Surgical  Research  within  48  h  postburn. 

3.  Patients  with  burns  >  30%  of  the  total  body  surface 
area  (the  presence  of  an  inhalation  injury  not  being  exclusionary) . 

Patient  Exclusion.  Patients  meeting  any  of  the  following 
criteria  are  excluded  from  participation  in  this  study: 

1.  Patients  <  18  yr  of  age. 

2.  Patients  not  admitted  to  the  US  Army  Institute  of 
Surgical  Research  within  48  h  postburn. 

3.  Patients  with  burns  <  30%  of  the  total  body  surface 

area . 

4.  Patients  who  are  pregnant  or  nursing. 

Determination  of  Number  of  Subjects  Required.  The  incidence  of 
fungal  colonization,  as  indicated  by  a  review  of  microbiologic 
survey  data  from  1986-9  and  reported  by  investigators,  is  42%,  and 
if  1%  clotrimazole  cream  decreases  the  colonization  rate  by  50%, 
110  patients  in  each  group  will  be  necessary  for  a  type  I  error 
<  0.05  and  a  type  II  error  <  0.1. 

Data  Collection.  Microbiologic  survey  data  of  blood,  sputum, 
urine,  and  topical  cultures  will  be  recorded  for  all  patients. 
Wounds  will  be  examined  on  a  daily  basis  and  any  suggestion  of 
fungal  colonization  or  fungal  burn  wound  invasion  will  be  recorded 
and  documented  as  indicated. 

Data  Analysis  Plan.  Differences  between  the  treatment  groups 
and  the  incidence  of  fungal  colonization  and/or  fungal  burn  wound 
invasion  will  be  evaluated  for  significance  using  a  Chi-square 
technique . 


RESULTS 

Nineteen  patients  have  been  enrolled  in  this  study  in  a 
pairwise  fashion  to  date. 


DISCUSSION 

When  the  projected  total  of  220  patients  have  completed  the 
study,  the  data  will  be  analyzed  as  to  the  efficacy  of  clotrimazole 
in  the  prevention  of  fungal  colonization  and  infection  in  thermally 
injured  patients. 
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23/24.  (U)  The  objectives  of  this  work  are  to  determine  the  ED,,  ot 

vecuronium  bromide  for  t  rain-of-four  twitch  heigr.t  depression  in  thormally 
injured  patients  and  to  compare  these  data  with  m storicaJ.  data  previously 
determined  for  nonthermally  injured  patients.  Forty  patients  will  be 
enrolled  in  this  study.  Two  25-ga  needles  will  be  inserted  subcutaneously  at 
the  elbow  to  stimulate  the  ulnar  nerve.  Once  the  t rain-of-four  twitch  height 
depression  is  stable  for  3  min,  100  ng/kg  of  vecuronium  bromide  will  be 
administered  intravenously.  Maximal  twitch  height  depression  will  be 
recorded  and  plotted.  Because  of  parallel  slopes  of  individual  response 
curves,  an  incremental  dose  required  to  acnieve  951  twitch  height  depression 
will  be  calculated  and  idnumstered  intravenously.  The  maximal  effect  of 
this  second  dose  will  amo  be  recorded  and  plotted.  These  two  measurements 
will  be  utilized  to  construct  an  individual  dose-response  curve  for  each 
patient.  Individual  data  will  be  analyzed  to  determine  an  average  ED0.  for 
the  entire  cohort.  Data  will  then  be  analyzed  for  standard  deviation  and 
Pearson  P  will  be  used  to  ascertain  if  statistically  significant  difference 
ir  <  0.01)  exists  in  the  ED-,-  Decween  thermally  injured  and  nonthermaiiy 

injured  patients. 

cl.  (U)  9101  -  9109.  This  project  was  approved  by  the  USAISR  Researcn 
Council,  the  US  Army  Institute  of  Surgical  research  Human  Use  Commit*.. eo,  and 
The  Surgeon  General's  Human  Subjects  Research  Review  Board  during  the  first 
and  second  quarters  of  Fiscal  Year  1991.  All  necessary  equipment  lias  beer, 
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ABSTRACT 


PROJECT  NUMBER:  3M162787A874,  Applied  Research  and  Exploratory 

Development 

PROJECT  TITLE:  Determination  of  Vecuronium  Bromide  Requirements 

in  the  Thermally  Injured  Patient 

INSTITUTIONS:  US  Army  Institute  cf  Surgical  Research,  Fort.  Sam 

Houston,  San  Antonio,  Texas  78234-50121;  Department 
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Houston,  San  Antonio,  Texas  78234-6200; 2  and 
Wilford  Hall  United  States  Air  Force  Medical 
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Anthony  Pellegrino,  MD,  Captain,  MC3 
William  F.  McManus,  MD,  Colonel,  MC1 
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The  primary  application  of  this  study  is  to  determine  the  EDgc, 
dose  of  vecuronium  bromide  for  train-of-four  twitch  height 
depression  in  the  thermally  injured  patient.  This  has  previously 
not  been  done  by  any  investigator.  Other  muscle  relaxants, 
including  d-tubocurarine,  pancuronium  bromide,  metocurine  iodide, 
and  atracurium  besylace  have  been  studied  in  the  past  in  relatively 
small  cohorts  of  burned  patients.  It  has  been  determined  in  these 
studies,  and  also  clinically,  that  the  burn  patient  is  resistant  to 
the  effects  of  nondepolarizing  muscle  relaxants.  Numerous  theories 
exist  as  to  the  etiology  of  this  phenomenon,  but  none  have  been 
substantiated.  Regardless  of  the  pharmacokinetic  and 
pharmacodynamic  reasons  for  this  resistance  the  knowledge  of  the 
dose-effect  relationship  is  useful  in  the  clinical  practice  of 
anesthetizing  burned  patients. 


DETERMINATION  OF  VECURONIUM  BROMIDE  REQUIREMENTS 
IN  THE  THERMALLY  INJURED  PATIENT 


The  US  Army  Institute  of  Surgical  Research  provides  surgical 
and  anesthetic  management  to  hundreds  of  military  members, 
dependents,  and  civilian  emergencies  yearly.  As  has  been  evident 
in  recent  military  conflicts,  a  large  number  of  casualties  involve 
thermally  injured  patients.  In  order  to  provide  optimum  treatment 
of  injured  personnel,  to  serve  the  present  and  future  needs  of 
military  medicine,  and  to  further  the  body  of  knowledge  pertaining 
to  anesthetic  management  of  burned  patients,  we  must  actively 
research  and  answer  questions  pertaining  to  the  clinical  rationale 
for  management  of  the  thermally  injured  patient. 

Martyn  et  al  (1)  at  the  Anesthesia  Services  of  the 
Massachusetts  General  Hospital  and  the  Department  of 
Anesthesiology,  Harvard  Medical  School  (Boston,  MA)  have  provided 
the  bulk  of  knowledge  concerning  clinical  pharmacology  of 
nondepolarizing  muscle  relaxants  in  patients  with  burns.  His  group 
demonstrated  persistent  resistance  to  neuromuscular-blocking  effect 
of  metocurine  iodide  in  the  burned  patient  (2,3),  His  group  also 
demonstrated  a  shift  in  the  dose-response  curve  of  pancuronium 
bromide  (4)  as  well  as  d-tubocurarine  (5,6)  in  the  burned  patient. 
Morn  recently,  a  group  from  the  University  of  Washington  School  of 
Medicine  and  the  Harborview  Medical  Center  (Seattle,  WA) 
investigated  and  published  data  concerning  the  clinica)  response  of 
the  burned  patient  to  atracurium  besylate  and  the  relationship  of 
that  response  to  the  percent  of  total  body  surface  area  burned  and 
the  number  of  days  postburn  (7).  To  date,  no  study  has  been 
published  concerning  the  dose-response  curve  for  vecuronium  bromide 
in  the  burned  patient. 

Vecuronium  bromide,  one  of  the  newer,  intermediate-acting, 
nondepolarizing  muscle  relaxants  has  the  advantage  of  having  the 
highest  therapeutic  ratio  of  any  of  the  currently  available 
nondepolarizing  muscle  relaxants.  Because  of  the  lack  of 
deleterious  side  effects  and  its  intermediate  half-life  which  adds 
to  its  versatility,  vecuronium  bromide  has  become  one  of  the 
relaxants  of  choice  at  this  institution  and  others  for  aiding  in 
rapid  control  of  the  airway  and  for  maintenance  of  relaxation 
during  operative  procedures.  Accurate  knowledge  of  the  EDg;  of 
vecuronium  bromide  in  the  burned  patient  would  help  to  make  the 
practice  of  anesthesia  in  the  thermally  injured  patient  more 
precise  and  safe. 

The  objectives  of  this  study  are  to  determine  the  ED3i  of 
vecuronium  bromide  for  train-of-f our  twitch  height  depression  in 
the  thermally  injured  patient  and  compare  the  ED95  determined  for 
these  patients  to  that  previously  determined  "for  nonthermally 
injured  patients. 
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MATERIALS  AMD  METHODS 


Study  Design.  Patients  are  premedicated  at  the  discretion  of 
the  anesthesiologist.  After  placement  of  monitors  and 
preoxygenation,  patients  are  induced  with  sufentanil  citrate  and 
thiopental  sodium  or  ketamine  as  indicated  by  the  patient's 
condition.  The  patients  are  intubated  and  controlled  ventilation 
is  instituted  with  nitrous  oxide  and  oxygen  in  a  2:1  ratio. 
Normothermia  is  maintained  and  no  volatile  anesthetics  are  utilized 
during  the  study  portion  of  the  anesthetic.  Two  25-ga  needles  are 
inserted  subcutaneously  at  the  elbow  to  stimulate  the  ulnar  nerve. 
Stimulation  is  a  train-of-four  supramaximal  square  wave  pulse 
administered  over  2  sec  by  a  Grass  Nerve  Stimulator  (Grass 
Instruments,  Inc.,  Boston,  MA) .  This  stimulation  is  repeated  every 
12  sec  and  the  evoked  tension  of  thenar  adduction  is  measured  by  a 
Grass  FT10  Force  Transducer  (Grass  Instruments)  and  recorded  by  a 
Grass  7  Polygraph  (Grass  Instruments) .  Once  the  train-of-four 
twitch  height  is  stable  for  3  min,  100  pg/kg  of  vecuronium  bromide 
is  administered  intravenously.  Maximal  twitch  height  depression  is 
recorded  and  plotted  on  6.5  probit/log  paper.  Because  of  parallel 
slopes  of  individual  response  curves,  an  incremental  dose  required 
to  achieve  95%  twitch  height  depression  is  calculated  and 
administered  intravenously.  The  maximal  effect  of  this  second  dose 
is  recorded  and  plotted.  These  two  measurements  are  utilized  to 
construct  an  individual  dose-response  curve  for  each  patient.  The 
individual  data  are  analyzed  to  determine  an  average  ED95  for  the 
entire  cohort.  The  data  are  analyzed  for  standard  deviation  and  a 
Pearson  R  is  used  to  correlate  ED9!j  with  the  percent  total  body 
surface  area  burn  size.  A  student  t  test  will  be  used  to  ascertain 
if  a  statistically  significant  difference  (P  <  0.01)  exists  in  the 
ED95  between  thermally  injured  and  nonthermally  injured  patients. 
This  two-dose  method  for  determining  individual  dose-response 
curves  and  ultimately  EDg5  values  has  been  shown  to  be  a  valid  one 
by  Meretoja  and  Wirtavuori  (8) . 

Description  of  Procedures.  Patients  undergo  study  after 
induction  of  general  anesthesia  as  described  above.  Two  25-ga 
needles  are  inserted  at  the  elbow  to  stimulate  the  ulnar  nerve. 
The  forearm,  fingers,  and  thumb  are  positioned  in  the  force 
transducer  so  that  the  initial  resting  tension  of  the  adductor 
pollicis  brevis  muscle  is  at  least  200  g.  The  ulnar  nerve  is 
stimulated  supramaximally  with  train-of-four  square  wave  pulse  over 
2  sec.  This  stimulation  is  repeated  every  12  sec  and  the  evoked 
tension  of  thenar  adduction  is  measured  and  recorded.  Once  the 
train-of-four  twitch  height  is  stable  for  3  min,  100  |ig/kg 
vecuronium  bromide  is  administered  intravenously.  Maximal  twitch 
height  depression  is  recorded  on  6.5  probit/log  paper.  Because  of 
parallel  slopes  of  individual  response  curves,  an  incremental  dose 
required  to  achieve  95%  twitch  height  depression  is  calculated  and 
given  intravenously.  The  maximal  effect  of  this  second  dose  is 
also  recorded  and  plotted.  The  patients  then  undergo  their 
operative  procedure  as  planned.  The  time  required  for  these 
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measurements  has  been  approximately  25-30  min.  Additional 
surgeries  for  each  patient,  if  necessary,  are  performed  using  the 
specific  dose  determined  in  this  study. 

Patient  Criteria.  Forty  patients  admitted  to  the  US  Army 
Institute  of  Surgical  Research  will  be  enrolled  in  this  study. 
Properly  signed  and  witnessed  DA  Forms  5303-R,  Volunteer  Agreement 
Affidavit,  are  obtained  from  each  patient  prior  to  beginning  the 
study . 


Patient  Inclusion.  Patients  meeting  the  following  criteria 
are  enrolled  in  the  study  upon  giving  written  informed  consent: 

1.  Male  or  female  patients  £  18  yr  old  scheduled  by  their 
attending  surgeon  for  excision  and  grafting  of  their  burns. 

2.  Patients  >  1  week  postburn. 

3.  Patients  with  burns  >  33%  of  che  total  body  surface 
area  (the  presence  of  an  inhalation  injury  not  being  exclusionary) . 

Patient  Exclusion.  Patients  meeting  the  following  criteria 
are  excluded  from  participation  in  the  study: 


area . 


1. 

2. 

3. 


Patients  <  18  yr  old. 

Patients  <  1  week  postburn. 

Patients  with  burns  <  33%  of  the  total  body  surface 


4.  Patients  with  toxic  epidermal  necrolysis. 

5.  Patients  with  any  condition  known  to  alter  response  to 
neuromuscular  blocking  drugs,  i.e.,  myotonia,  myasthenia  gravis, 
myasthenic  syndrome.  Von  Recklinghausen's  disease,  systemic  lupus 
erythematosus,  polymyositis,  dermatomyositis,  polyarteritis  nodosa, 
lower  motor  neuron  disorders,  and  sepsis. 


6.  Patients  receiving  any  drug  known  to  alter  response  to 
neuromuscular  blockers,  i.e.,  aminoglycosides,  polymyxin  B, 
tetracyclines,  colistin,  sodium  colistimethate,  phenytoin  sodium, 
and  carbamazepine .  If  a  patient  is  to  receive  aminoglycoside 
antibiotics  perioperatively ,  the  dose  is  administered  after  data 
collection  has  been  completed,  prior  to  surgical  incision. 

Determination  of  Number  of  Subjects  Required.  Forty  patients 
will  be  required  for  this  study.  Though  we  do  not  have  reasonable 
estimates  of  variance  in  burned  patients,  previous  work  indicates 
a  reasonable  requirement  for  40  patients  to  establish  response 
parameters  in  burned  patients  with  enough  precision  for  comparison 
with  published  control  data. 
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Data  Collection.  Data  pertaining  to  the  patients'  burn  size  is 
derived  from  the  clinical  record.  Data  collected  from  patients  is 
in  the  form  of  evoked  polygraph  recordings  taken  in  the  operating 
room . 

Data  Analysis  Plan.  The  individual  dose-response  curve  data 
will  be  analyzed  to  determine  an  average  ED95  and  variance 
parameter  Also,  multivariate  correlation  will  be  sought  for  ED95 
with  pervert  total  body  surface  area  burn  size,  postburn  day,  and 
sepsis,  .  -  present.  Student  t  test  will  be  used  to  ascertain  if  a 
statistically  significant  difference  exists  between  the  ED95  for 
normal  patients  (published  widely  in  the  literature)  and  for 
thermally  injured  patients. 


RESULTS 

One  patient  has  been  enrolled  in  this  study  to  date.  There 
were  no  side  effects  or  adverse  reactions  with  this  patient. 

DISCUSSION 

The  small  number  of  patients  limits  the  validity  of  statistical 
manipulation  of  the  data  at  this  point.  When  the  projected  total 
of  40  patients  have  completed  the  study,  the  data  will  be  analyzed 
as  to  the  clinical  pharmacology  of  vecuronium  bromide  in  patients 
with  burns . 
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This  trial  was  designed  to  determine  the  anabolic  effects  of 
recombinant  human  insulin-like  growth  factor  I  (rhIGF-1)  in 
thermally  injured  patients.  rhIGF-1  is  administered  for  3  days  by 
continuous  intravenous  infusion.  Patients  are  evaluated  at 
baseline  (prior  to  drug  administration)  ,  after  3  days  of  drug 
administration,  and  3  days  after  cessation  of  drug  administration. 
Indices  to  be  measured  will  allow  one  to  determine  if 
administration  of  rhIGF-1  results  in  a  decrease  in  protein 
catabolism  and  hypermetabolism  which  are  associated  with  thermal 
injury . 

Three  patients  have  been  enrolled  in  this  study  to  date.  No 
untoward  effects  of  the  rhIGF-1  infusion  have  been  noted.  Insulin 
and  C  peptide  levels  decreased  significantly  in  all  patients  during 
rhIGF-1  infusion  as  compared  to  preinfusion  values.  No  significant 
trend  in  3--methylhistidine  excretion  was  noted  with  these  3 
patients.  Stable  isotope  data  have  been  collected  and  are 
currently  being  analyzed.  REF,  did  not  appear  to  change  with 
rhIGF-1  infusion. 

Data  from  the  intravenous  glucose  tolerance  test  showed  that 
serum  glucose  curves  were  similar  both  preinfusion  and  during  and 
after  rhIGF-1  infusion  for  all  patients.  However,  serum  insulin 
levels  were  significantly  less  and  did  not  show  an  increase  during 
the  glucose  infusion  while  the  patients  were  receiving  rhIGF-1, 
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When  10  patients  have  completed  the  study,  all  data  will  be 
analyzed  so  that  the  effect  of  rhIGF-1  infusion  on  protein  kinetics 
can  be  ascertained. 
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SHORT-TERM  ANABOLIC  EFFECTS  OF  RECOMBINANT  HUMAN 
INSULIN-LIKE  GROWTH  FACTOR  I  IN  THERMALLY  INJURED  PATIENTS 


To  date,  no  therapeutic  modalities  exist  which  decrease  the 
catabolic  3tate  which  occurs  during  the  hypermetabolism 
characteristic  of  thermal  injury.  The  current  nutritional 
treatment  of  thermally  injured  patients  using  high  caloric  enteral 
and/or  parenteral  feeding  does  little  to  decrease  the  erosion  of 
lean  body  mass.  Attempts  to  reverse  catabolism  by  experimental 
treatment  with  growth  hormone  have  been  promising  under  certain 
conditions  (1,2).  The  administration  of  pharmacologic  doses  of 
growth  hormone  to  healthy  adults  results  in  a  protein-sparing 
effect,  i.e,  nitrogen  balance  becomes  positive.  Serum  IGF-1  levels 
increase  in  parallel.  Clinical  trials  using  growth  hormone  in  a 
variety  of  catabolic  patients  demonstrated  that  growth  hormone  was 
somewhat  effective  in  conserving  body  proteins.  However,  the  most 
severely  ill  patients  did  not  improve  their  nitrogen  balance,  and 
no  increase  in  endogenous  serum  IGF-1  levels  was  noted.  Long-term 
studies  have  yet  to  be  published  demonstrating  favorable  effects  of 
growth  hormones  on  clinical  outcome  (3) .  However,  growth  hormone 
is  an  insulin  antagonist,  and  therefore  contributes  to  the 
stress-induced  insulin  resistance  in  this  type  of  patients.  IGF-1 
is  an  insulin  agonist  and  most  likely  acts  through  its  own 
receptor,  the  Type  1  IGF  receptor.  Studies  in  a  burned  rodent 
model  suggest  that  recombinant  human  insulin-like  growth  factor  I 
(rhIGF-1)  was  able  to  reduce  the  hypermetabolism  which  contributes 
to  the  loss  of  both  body  protein  and  body  fat  (4) . 

Insulin  resistance  is  a  common  feature  in  catabolic  patients. 
Since  growth  hormone  is  an  insulin  antagonist,  it  may  contribute  to 
the  deterioration  of  glucose  tolerance.  IGF--1  is  expected  to  have 
the  opposite  effect  of  growth  hormone  in  this  respect  and,  at  least 
from  a  theoretical  standpoint,  may  be  favorable  in  regulating 
glucose  metabolism. 

Data  confirming  the  role  of  in3ulin-like  growth  factors  in  the 
regulation  of  growth,  metabolism,  and  differentiation  have  expanded 
remarkably  during  the  past  decade.  The  two  major  components  of 
this  family  of  hormones,  IGF-1  and  IGF-2,  have  both  anabolic  and 
insulin-like  properties.  Both  growth  factors  share  a  structural 
homology  with  pro-insulin.  Human  IGF-1  consists  of  70  amino  acids 
with  a  molecular  weight  of  7,649.  Circulating  IGF-1  is  normally 
bound  to  a  specific  carrier  protein,  and  <  20%  of  circulating  IGF-1 
is  in  the  free  state.  The  development  of  a  specific  RIA  for  this 
growth  factor,  and  the  biosynthesis  of  recombinant  IGF-1,  has 
provided  the  opportunity  to  study  its  biologic  effects  and 
therapeutic  potential  in  humans. 

In  1971,  Daughaday  et  al  (5),  proposed  that  stimulation  of 
growth  hormone  leads  to  the  synthesis  of  IGF-1  in  the  liver  and 
eventual  secretion  into  the  circulation.  IGF-1  is  considered  to  be 
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one  of  the  potential  mediators  of  growth  hormone.  The  serum 
concentration  of  IGF-1  is  low  in  infants  and  rises  during  childhood 
to  reach  peak  levels  during  adolescence.  In  the  normal  adult, 
IGF-1  is  present  in  the  serum  in  concentrations  comparable  to  the 
preadolescent  child.  IGF-1  levels  are  low  in  growth 
hormone-deficient  individuals  and  levels  rise  in  response  to 
administration  of  exogenous  growth  hormone. 

To  date,  there  is  no  evidence  of  a  protein-sparing  effect  of 
rhIGF-1  in  healthy  patients.  However,  reports  in  animals 
demonstrate  that  recombinant  human  insulin-like  growth  factor  1 
administered  to  starving  rats  reduces  protein  loss  by  reducing 
proteolysis  (6)  .  Furthermore,  numerous  reports  show  that  IGF-1  is 
a  growth-promoting  agent  in  different  models  of  impaired  growth; 
hence,  IGF-1  has  many  of  the  properties  of  an  anabolic  hormone. 

Human  trials  have  been  performed  showing  the  safety  of 
intravenous  administration  of  rhIGF-1 .  In  summary,  the  in  vivo 
pharmacologic  effects  of  this  compound  in  healthy  subjects  include 
a  dose-dependent  hypoglycemia  which  can  be  ameliorated  if  the 
patients  are  fed  a  normal  diet.  Serum  levels  of  insulin  and  C 
peptide  are  reduced  substantially  following  rhIGF-1  administration. 
In  addition,  rhIGF-1  was  able  to  lower  serum  levels  of 
triglycerides  and  total  cholesterol.  Additionally,  glomerular 
filtration  rate  and  renal  plasma  flow  increased  by  approximately 
25%  in  normal  healthy  controls.  Tubular  reabsorption  of  fluid  ana 
sodium  increases  in  a  similar  manner,  although  no  significant  total 
body  weight  gain  or  edema  were  noted.  Finally,  IGF-1  has  a 
positive  cardiac  chronotropic  effect.  No  untoward  effects  of  IGF-1 
were  noted  in  these  trials. 

This  trial  was  designed  to  determine  the  anabolic  effects  of 
rhIGF-1  in  thermally  injured  patients.  rhIGF-1  is  administered  for 
3  days  by  continuous  intravenous  infusion.  Patients  are  evaluated 
at  baseline  (prior  to  drug  administration) ,  after  3  days  of  drug 
administration,  and  3  days  after  cessation  of  drug  administration. 
Indices  to  be  measured  will  allow  one  to  determine  if 
administration  of  rhIGF-1  results  in  a  decrease  in  protein 
catabolism  and  hypermetabolism  which  are  associated  with  thermal 
injury . 


MATERIALS  AND  METHODS 

Study  Design.  This  is  a  pilot  study  v/hich  will  assess  the 
biochemical  and  physiologic  efficacy  of  rhIGF-1  in  up  to  15 
clinically  stable  burn  patients  in  an  open  label-designed  trial. 
Patients  are  enrolled  in  the  study  after  completion  of  fluid 
resuscitation.  Patients  are  studied  between  postburn  days  7  and 
15.  The  duration  of  treatment  with  rhIGF-1  is  3  days  and  the  drug 
is  administered  by  continuous  intravenous  infusion  at  a  rate  of  20 
|ig/kg/h . 
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Patiant  Criteria.  Up  to  15  patients  will  be  enrolled  in  this 
study.  Properly  signed  and  witnessed  DA  Forms  5303-R,  Volunteer 
Agreement  Affidavits,  are  obtained  from  each  patient  prior  to 
beginning  the  study. 

Patiant  Inclusion.  Patients  meeting  the  following  criteria 
are  eligible  for  enrollment  in  the  study: 

1.  Male  or  female  patients  >  18  yr  old.  Female  patients 
must  have  been  surgically  sterilized,  be  postmenopausal  (£  45  yr  of 
age  and  lack  of  menstrual  periods  for  >  1  yr) ,  or  have  a  negative 
pregnancy  test  prior  to  initiation  into  the  study. 

2.  Patients  admitted  to  the  US  Army  Institute  of  Surgical 
Research  within  48  h  postburn. 

3.  Patients  with  burns  >  25%  and  <  85%  of  the  total  body 
surface  area. 

4.  Patients  who  are  hemodynamically  stable  and  have 
successfully  completed  resuscitation. 

Patient  Exclusion.  Patients  meeting  any  of  the  following 
criteria  are  excluded  from  participation  in  the  study: 

1.  Patients  <  18  yr  old. 

2.  Patients  not  admitted  to  the  US  Army  Institute  of 
Surgical  Research  within  48  h  postburn. 

3.  Patients  with  burns  <  25%  or  >  85%  of  the  total  body 
surface  area. 

4.  Patients  who  are  pregnant  or  nursing. 

5.  Patients  with  high  voltage  electric  injury. 

6.  Patients  with  a  history  of  diabetes  or  requirement  of 
insulin  treatment  during  the  course  of  the  study. 

7.  Patients  with  evidence  of  significant  preexisting 
cardiovascular  disease. 

8.  Patients  with  a  history  of  cancer,  except  those 
patients  who  have  undergone  curative  surgical  resection. 

9.  Patients  with  a  history  of  known  or  suspected 
hypersensitivity  to  insulin  or  insulin-like  growth  factor. 

10.  Patients  receiving  any  investigational  drugs  within 
the  previous  30  days,  except  for  5%  aqueous  mafenide  acetate. 
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11.  Patients  with  blood  glucose  levels  >  200  mg/dl  at  time 
of  enrollment . 

12.  Patients  with  serum  creatinine  levels  >2.5  mg/dl  at 
time  of  enrollment. 

13.  Patients  with  a  body  weight  >  125  kg. 

14.  Patients  with  gross  malnutrition. 

15.  Patients  with  an  inability  to  tolerate  an  enteral 

diet . 

16.  Patients  with  abnormal  liver  enzymes. 

Description  of  Procedures.  Up  to  15  patients  will  be  enrolled 
in  the  study.  After  obtaining  written  informed  consent,  a  baseline 
examination  is  undertaken,  to  include  a  medical  history  and 
physical  examination,  nutritional  assessment  (indirect  calorimetry 
to  assess  REE) ,  EKG,  chest  roentgenogram,  measurement  of  body 
weight,  analysis  of  serum  IGF-1  and  glucose  levels,  evaluation  of 
a  24— h  urine  sample  for  3-methylhistidine  excretion,  intravenous 
glucose  tolerance  test  (IVGTT)  (during  which  time  serum  insulin  and 
glucose  levels  are  measured),  and  a  3table  isotope  study  using  N-15 
lysine  to  obtain  a  measurement  of  whole  body  protein  synthesis  and 
degradation. 

After  completion  of  the  baseline  studies,  the  patient  begins 
receiving  an  intravenous  infusion  of  rhIGF-1  (20  |ig/kg/h)  for  a 
period  of  3  days.  During  the  infusion,  daily  physical 
examinations,  nutritional  assessment,  and  analyses  of  serum  glucose 
levels  are  obtained  (as  well  as  serum  glucose  at  6  and  12  h  after 
beginning  the  infusion)  .  After  3  days  of  drug  administration,  the 
patient  has  an  assessment  of  REE  performed  by  indirect  calorimetry, 
an  evaluation  of  a  24-h  urine  sample  for  3-methylhistidine 
excretion,  IVGTT,  and  a  stable  isotope  study  using  N-15  lysine. 
Upon  completion  of  these  studies,  the  drug  is  stopped.  Three  days 
later,  all  studies  are  repeated.  On  the  day  of  each  study,  blood 
is  drawn  at  0700  h  for  thyroid  function  tests  and  serum  cortisol 
ievels  . 

Prior  to  beginning  the  study,  patients  are  started  on  enteral 
nutrition  which  is  continuea  at  the  same  rate,  protein  content, 
carbohydrate  content,  and  fat  content  for  the  duration  of  the 
study.  Caloric  requirements  are  estimated  from  the  Institute's 
formula  and  patients  receive  at  least  80%  but  not  >  100%  of  that 
amount.  No  oral  feedings  are  allowed  during  the  study  period.  The 
calorie  to  nitroqen  ratio  is  150:1.  The  patients  are  not  scheduled 
for  surgery  during  the  7-day  study  period,  but  can  have  surgery 
prior  to  enrollment  in  the  study.  Serum  BUN  and  creatinine  as  well 
as  SGOT ,  SGPT ,  alkaline  phosphatase,  and  bilirubin  are  measured 
every  3  days  during  the  study  period. 
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Intravenous  Glucose  Tolerance  Test  (IVGTT) .  Glucose  is 
administered  as  a  50%  aqueous  solution  in  approximately  a  50-ml 
bolus  delivered  intravenously  over  90  sec  in  a  dose  of  0.5  g/kg. 
Blood  samples  (4-5  ml)  are  taken  before  the  infusion  and  at  10,  20, 
30,  40,  60,  90,  120,  and  150  min  afterwards.  A  monoexponential 
regression  of  serum  glucose  and  insulin  concentrations  with  time 
gives  the  best  fit  maximum  and  minimum  values  and  the  disappearance 
constant  for  each  patient.  These  indices  allow  assessment  of 
insulin  secretion  and  resistance  and  glucose  handling.  Enteric 
glucose  is  infused  at  a  constant  rate  throughout  the  7-day  course 
of  the  study.  The  rate  of  infusion  of  5%  glucose  intravenously  is 
determined  by  the  patient's  fluid  needs,  but  is  changed  2  h  before 
each  IVGTT  to  a  solution  without  glucose.  The  IVGTT  is  performed 
three  times  during  the  course  of  the  study,  i.e.,  a  baseline  study, 
a  study  during  the  infusion  of  rhIGF-1,  and  a  study  after  stopping 
the  administration  of  the  hormone.  This  part  of  the  study  occurs 
after  performing  the  N-15  lysine  protocol. 

N-15  Lysine  Test.  In  order  to  determine  whole  body  protein 
synthesis  and  degradation,  the  alpha  N-15  lysine  technique  is  used 
as  described  by  Wolfe  et  al  (7)  .  This  technique  uses  a  stable, 
nonradioactive  N-15  lysine  isotope.  This  is  injected  as  a  constant 
infusion  of  N-15  lysine  at  a  dose  of  0.08  |imoles/kg/min  .  A  priming 
dose  of  N-15  lysine  of  6.8  |imoles/kg  is  administered  prior  to 
starting  the  infusion.  In  addition,  the  urea  pool  is  primed  by 
infusing  N-15,  N-.14  urea  at  a  dose  of  3.2  ^moles/kg  as  a  bolus 
dose.  Sterile,  nonpyrogenic  amino  acid  is  dissolved  in  sterile 
saline  and  the  solution  infused  at  a  rate  not  to  exceed  25  ml/h. 
After  1  h  of  the  infusion,  hourly  plasma  samples  are  obtained  for 
3  h.  A  3-h  urine  collection  is  performed  during  this  time.  The 
percent  enrichment  of  urine  and  plasma  with  N-15  lysine  and  N-15 
urea  is  determined  using  GC-MS . 


Synthesis  (g/kg/day)  = 


Lysine_Flux_-_Lys ine_Breakdown 
3.4  mM  Lysine/g  N 


X  6.25  g  P/g  N  X  24  h 


Lysine  Breakdown  (jimoles/kg/min)  = 


Urea  Production  x  2  umole  N  x  Urea  N  (APE) 

( umole/kq/min) _ umole  urea _ Enrichment 

Plasma  Lysine  Enrichment  (APE) 


Lysine  Flux  = 


Rate  of  Urinary  N  Excretion  . 

--- - ■£-■= - - c-r;-Tc_r; - X  Rate  or 

Rate  or  Excretion  of  N-15  Urea 


Infusion  of  N-15 


Lysine 
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Determination  of  Number  of  Subjects  Required.  This  is  a  pilot 
study  to  judge  the  efficacy  of  rhIGF-1  in  thermally  injured 
patients.  A  series  of  10  patients  will  allow  a  reasonable  estimate 
of  this  compound's  ability  to  reduce  the  catabolic  response 
following  thermal  injury.  However.  5  additional  patients  may  be 
enrolled  in  the  study  since  some  patients  may  incur  an  unforeseen 
clinical  need  for  surgery  which  would  prevent  completion  of  the 
study.  This  is  unlikely  for  the  time  period  postburn  chosen 
(between  7  and  15  days  postburn) . 

Data  Collection.  A  medical  history,  measurement  of  body 
weight,  physical  examination,  electrocardiogram,  and  chest 
roentgenogram  are  obtained.  Data  from  analyses  of  serum  IGF-1, 
creatinine,  alkaline  phosphatase,  bilirubin,  and  glucose  levels, 
REE  assessments  by  indirect  calorimetry,  24-h  urine  sample 
evaluations  for  3-methylhistidine  excretion,  thyroid  function, 
cortisol,  SGOT,  and  SGPT  tests,  IVGTT,  and  N-15  studies  are 
collected  for  each  study  patient.  A  USAMRDC  Form  60-R,  Volunteer 
Registry  Data  Sheet,  containing  demographics  is  also  completed  for 
each  study  patient. 

Data  Analysis  Plan.  Differences  among  pretreatment,  during 
treatment,  and  posttreatment  indices  will  be  evaluated  using  ANOVA. 

RESULTS 

Three  patients  have  been  enrolled  in  this  study  to  date. 
Patient  demographics  are  outlined  in  Table  1.  No  untoward  effects 
of  the  rhIGF-1  infusion  have  been  noted.  Insulin  and  C  peptide 
levels  decreased  significantly  in  all  patients  during  rhIGF-1 
infusion  as  compared  to  preinfusion  values.  No  significant  trend 
in  3-methylhistidine  excretion  was  noted  with  these  3  patients. 
Stable  isotope  data  has  been  collected  and  are  currently  being 
analyzed.  REE  did  not  appear  to  change  with  rhIGF-1  infusion. 


TABLE  1.  Patient  Demographics 


Patient 

Number 

Age 

(Yr) 

Burn  Size 
<%  TBSA) 

Study  Initiation 
(Postburn  Dav) 

1 

68 

49.75 

8 

2 

35 

48.50 

19 

3 

53 

48.50 

13 

T3SA  indicates 

total 

body  surface  area. 
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Data  from  the  IVGTT  showed  that  serum  glucose  curves  were 
similar  both  preinfusion  and  during  and  after  rhIGF-1  infusion  for 
all  patients.  However,  serum  insulin  levels  were  significantly 
less  and  did  not  show  an  increase  during  the  glucose  infusion  while 
the  patients  were  receiving  rhIGF-1 . 

DISCUSSION 

In  the  first  3  patients  studied,  no  untoward  effects  of  rhIGF-1 
infusion  administered  over  a  3-day  period  were  noted.  rhIGF-1 
infusion  appeared  to  have  significant  insulin-like  effects,  as 
shown  by  the  suppression  of  serum  insulin  and  C  peptide  levels 
during  the  infusion.  In  addition,  the  handling  of  a  glucose  load 
was  not  changed,  although  insulin  secretion  during  the  IVGTT  was 
blunted. 

When  10  patients  have  completed  the  study,  all  data  will  be 
analyzed  so  that  the  effect  of  rhIGF-1  infusion  on  protein  kinetics 
can  be  ascertained. 

PRESENTATIONS/PUBLICATIONS 

Cioffi  WG  Jr:  Preliminary  results  of  the  short-term  anabolic 
effects  of  recombinant  human  insulin-like  growth  factor  in 
thermally  injured  patients.  Presented  at  the  Ciba-Geigy 

Investigators  Meeting,  Summit,  New  Jersey,  30  September  1991. 
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There  are  more  than  2  million  burn  injuries  annually  in  the 
United  States.  More  than  10,000  deaths  each  year  result  from 
serious  thermal  injury.  The  ultimate  outcome  of  burn  patients  is 
determined  by  wound  coverage,  and  therefore,  the  ultimate  goal  in 
burn  wound  care  is  to  achieve  timely,  permanent  closure  of  the  open 
wound.  The  objective  of  this  study  is  to  determine  the  suitability 
of  cultured  autologous  epithelium  for  the  closure  of  burn  wounds 
compared  to  similar  wounds  covered  with  fresh  autograft.  As  well, 
methods  to  optimize  wound  take  and  preoperative  wound  bed 
preparation  are  to  be  investigated. 

Twenty-three  applications  have  been  performed  on  17  patients. 
One  patient  underwent  a  single  application  of  cultured 
keratinocytes  to  the  open  interstitial  areas  of  previously  applied 
meshed  split-thickness  skin  autograft  and  was  excluded  from 
subsequent  data  analysis.  Thirteen  patients  underwent  a  single 
application  of  cultured  keratinocytes  to  freshly  prepared  wound 
beds.  Two  patients  underwent  2  applications,  and  a  single  patient 
underwent  4  procedures.  The  mean  age  of  the  treated  patients  was 
29.7  yr  (range  10-56)  with  a  mean  burn  size  of  68.2%  of  the  total 
body  surface  area  (range  42-85%).  Eleven  patients  had  documented 
inhalation  injury  requiring  mechanical  ventilatory  support.  The 
mear.  length  of  hospitalization  was  132  days  (range  50-275).  Two 
patients  died,  yielding  a  mortality  of  12.5%. 
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EVALUATION  OF  in  vitro  CULTIVATED  KERATINOCYTES 
AS  EPITHELIAL  AUTOGRAFTS  FOR  THE  CLOSURE  OF  BURN  WOUNDS 


There  are  more  than  2  million  burn  injuries  annually  in  the 
United  States.  More  than  10,000  deaths  each  year  result  from 
serious  thermal  injury.  The  ultimate  outcome  of  burn  patients  is 
determined  by  wound  coverage,  and  therefore,  the  ultimate  goal  in 
burn  wound  care  is  to  achieve  timely,  permanent  closure  of  the  open 
wound.  Currently,  the  only  adequate  permanent  coverage  is 
split-thickness  autograft,  as  all  other  biologic  membranes  are 
temporary  wound  covers  and  artificial  skin  substitutes  require 
ultimate  thin  split-thickness  autografting.  Often  the  surface  area 
and  depth  of  burn  are  so  extensive  that  the  patient's  available 
donor  sites  are  insufficient  to  provide  adequate  wound  coverage. 
Consequently,  a  new  source  of  autograft  would  be  most  desirable. 

Human  kerat inocytes  can  now  be  cultured  in  vitro  to  produce 
confluent  epithelial  sheets  (1).  These  cells  can  be  grown  from 
relatively  small  initial  samples  of  the  patient's  unburned  skin  and 
can  be  expanded  over  a  period  of  weeks  to  months  to  a  size 
sufficient  to  cover  the  entire  body  surface  area.  The  use  of 
cultured  autologous  epithelium  in  burn  patients  has  been  reported 
by  several  institutions  and  is  becoming  a  well-recognized 
therapeutic  modality  for  the  extensively  burned  patient  (2-5) . 

The  objective  of  this  study  is  to  determine  the  suitability  of 
cultured  autologous  epithelium  for  the  closure  of  burn  wounds 
compared  to  fresh  autograft  applied  to  similar  wounds.  Methods  to 
optimize  wound  take  and  preoperative  wound  bed  preparation  are  to 
be  investigated. 


MATERIALS  AND  METHODS 

Patient  Criteria.  Thirty  patients  will  be  enrolled  in  this 
study.  Properly  signed  and  witnessed  DA  Forms  5303-R,  Volunteer 
Agreement  Affidavit,  will  be  obtained  from  each  patient  prior  to 
beginning  the  study. 

Patient  Inclusion.  Patients  meeting  the  following  criteria 
are  eligible  for  enrollment  in  this  study: 

1.  Patients  hospitalized  for  burn  injury. 

2.  Male  or  female  patients  >  18  yr  old  and  <  65  yr  old. 
Female  patients  must  be  previously  surgically  sterilized,  be 
postmenopausal  (>  45  yr  old  and  lacked  menstrual  periods  for  >  1 
yr) ,  or  have  a  negative  pregnancy  test. 

3.  Patients  with  burn  wounds  between  401  and  75i  of  the 
total  body  surface  area. 


Patient  Exclusion.  Patients  meeting  any  of  the  following 
criteria  are  excluded  from  participation  in  this  study: 

1.  Patients  <  18  yr  old  or  >  65  yr  old. 

2.  Patients  who  are  pregnant  or  nursing. 

3.  Patients  with  burns  of  <  40%  or  >  75%  of  the  total 
body  surface  area. 

Procedures.  Within  4  8  h  of  admission  to  the  Institute  and 
after  obtaining  informed  consent,  skin  samples  consisting  of 
epithelium  and  partial-thickness  dermis  are  harvested  under  local 
anesthesia  after  alcohol  skin  preparation.  A  surface  area  of  10 
cm2  is  harvested.  The  skin  is  then  placed  in  a  transport  medium 
and  transported  to  the  tissue  culture  facilities  where  the 
epidermis  is  separated  from  the  dermal  elements.  The  epidermis  is 
then  trypsinized  and  the  keratinocytes  inoculatrd  in  tissue  culture 
flasks  containing  a  defined  medium  which  does  not  require  a  feeder 
layer  of  lethally  irradiated  3T3  cells  (5)  .  The  cells  are  grown  to 
sufficient  numbers  of  confluent  cell  sheets  to  allow  the  grafting 
of  between  20%  and  40%  of  the  patient's  total  body  surface  area. 
This  requires  approximately  3  weeks.  During  this  time,  the  patient 
proceeds  to  the  operating  room  and  conventional  therapy  consisting 
of  harvesting  available  donor  sites  and  subsequent  autografting  are 
undertaken.  Additional  trips  to  the  operating  room  for  debridement 
and  placement  of  various  types  of  temporary  biological  dressings 
may  be  required  in  order  to  prepare  the  patient's  other  burns  for 
grafting.  Approximately  3  weeks  postburn,  the  patient  is  returned 
to  the  operating  room  after  preparation  of  cultured  epithelium  of 
sufficient  area  to  cover  the  still  open  burn  wound.  At  this  time, 
the  available  donor  sites  are  harvested  and  autograft  placed  on  the 
burn  wound.  The  remainder  of  the  burn  ’-round  is  covered  with  the 
cultured  autologous  epithelium  mounted  on  the  backing  recommended 
by  the  supplier.  This  backing  is  also  used  to  cover  the  autograft 
applied  during  the  same  operation.  All  grafted  areas  are  recorded 
by  location.  The  nature  of  the  grafts  applied  and  the  nature  of 
the  recipient  bed,  i.e.,  freshly  excised  deep  dermis,  freshly 
excised  fat,  early  granulation  tissue  (>  7  days  old) ,  chronic 
granulation  tissue,  and  fresh  fascia]  excision,  are  specified. 
Surface  and  tissue  cultures  are  sent  from  random  recipient  bed 
sites . 

The  fresh  autografts  are  treated  with  standard  dressings  and 
postoperative  care.  They  are  inspected  on  postoperative  day  3  or 

4.  Perioperative  antibiotics  are  used  as  customary  within  the 
Institute.  The  cultured  epithelial  grafts,  covered  by  the  backing 
recommended  by  the  supplier,  are  left  covered  by  this  adherent 
gauze  for  7-10  days.  Inspection  of  the  gauze  is  undertaken  on  a 
daily  basis  to  determine  the  presence  of  any  large  bullae  which 
might  elevate  the  graft  off  the  recipient  bed.  These  areas  are 
aspirated  through  the  overlying  tissue.  Any  drainage  is  cultured. 


If  the  patient  develops  signs  of  infection,  i.e.,  fever, 
leukocytosis,  erythema,  or  other  systemic  signs,  the  dressings  are 
inspected  and,  if  they  appear  suspect,  the  gauze  is  changed  and  the 
grafted  wound  examined.  Cultures  are  taken  if  indicated  and  the 
need  to  alter  the  wound  care  or  begin  antibiotic  therapy  is 
determined  at  that  time. 

After  the  initial  7-  to  10-day  period,  the  wounds  grafted  with 
the  cultured  epithelium  are  inspected  and  a  decision  made  whether 
to  leave  them  exposed  or  to  reapply  a  protective  dressing.  Areas 
of  graft  take  and  loss  are  recorded  and  compared  tc  areas  grafted 
with  fresh  autograft.  Additional  grafting  procedures  are 
undertaken  as  needed  to  close  the  patient's  burn  wounds.  Cultured 
epithelium  is  used  at  these  later  graftings  if  the  patient's  own 
donor  sites  are  insufficient  to  cover  the  recipient  bed.  Healed 
cultured  grafts  are  examined  with  regard  to  fragility.  Punch 
biopsies  from  areas  of  adherent  cultured  epithelium  are  taken  once 
the  patient's  burn  wounds  are  fully  healed.  Patients  enrolled  in 
this  study  are  followed  after  discharge  from  the  hospital  to 
determine  any  incidence  of  late  sequelae  such  as  contractures  and 
breakdown  of  the  grafted  wounds. 

Photographs  are  obtained  of  the  burn  wound  prior  to  grafting, 
at  the  first  dressing  change,  and  weekly  thereafter  during  the 
period  of  hospitalization.  Additional  photographs  are  obtained  at 
any  follow-up  outpatient  visits  which  take  place.  At  these  times, 
the  graft  viability  is  evaluated  by  quantitatively  estimating  the 
percentage  of  the  grafted  area  which  is  covered  by  viable  graft  and 
by  qualitatively  evaluating  the  durability  of  the  grafts  and  their 
tendency  to  ulcerate.  The  quantitative  scale  ranges  from  0-10, 
corresponding  to  0%  and  100%,  respectively.  The  first  qualitative 
scale  grades  the  durability  of  the  graft  into  three  categories,  A  = 
stability  to  minor  trauma  equal  to  that  found  in  a  typical  unmeshed 
autograft,  B  «  fragile  graft,  but  adequate  wound  coverage,  and  C  “ 
very  fragile  coverage,  at  high  risk  for  graft  loss.  The  second 
qualitative  scale  also  grades  the  grafts  into  three  categories,  A  = 
no  tendency  to  ulcerate,  B  =  scattered  small  ulcerated  areas,  and 
C  =  large  ulcerations  involving  at  least  25%  of  the  area  grafted 
with  cultured  epithelium.  All  grafted  areas  are  evaluated 
independently  by  the  primary  investigator  and  the  Chief,  Clinical 
Division.  Punch  biopsies  from  the  areas  of  healed  cultured 
epithelium  are  obtained  under  local  anesthesia  prior  to  discharge 
from  the  hospital  and  again  at  the  follow-up  visit  1  yr  following 
discharge.  These  will  be  examined  for  evidence  of  surviving  dermal 
elements . 

Sterile  Techniques.  The  skin  biopsy  is  harvested  using  sterile 
technique  following  standard  operative  preparation  and  is 
transported  to  the  tissue  culture  laboratory  in  sterile  media. 
Manipulations  of  the  kerat inocytes  are  done  under  a  laminar  flow 
nood  using  sterile  technique.  The  holding  media  is  sterile  and 
contains  penicillin,  streptomycin,  and  fungizone.  The 
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keratinocytes  are  then  transported  back  to  the  Institute's 
operating  room  in  sterile  containers,  which  are  only  opened  when 
they  are  to  be  placed  on  the  surgical  field. 

RESULTS 

Twenty-three  applications  have  been  performed  on  17  patients. 
One  patient  underwent  a  single  application  of  cultured 
keratinocytes  to  the  open  interstitial  areas  of  previously  applied 
meshed  split-thickness  skin  autograft  and  was  excluded  from 
subsequent  data  analysis.  Thirteen  patients  underwent  a  single 
application  of  cultured  keratinocytes  to  freshly  prepared  wound 
beds.  Two  patients  underwent  2  applications,  and  a  single  patient 
underwent  4  procedures.  The  mean  age  of  the  treated  patients  was 
29.7  yr  (range  10-56)  with  a  mean  burn  size  of  68.2%  of  the  total 
body  surface  area  (range  42-85%) .  Eleven  patients  had  documented 
inhalation  injury  requiring  mechanical  ventilatory  support.  The 
mean  length  of  hospitalization  was  132  days  (range  50-275) .  Two 
patients  died,  yielding  a  mortality  of  12.5%. 

Keratinocyte  grafts  were  applied  to  a  mean  of  15.9%  of  the  body 
surface  area  (range  4-59%) .  The  mean  percentage  of  keratinocyte 
engraftment  was  47.5%.  Because  the  ultimate  goal  of  this 
technology  is  definitive  body  surface  area  wound  coverage,  and 
because  small  surface  areas  of  keratinocyte  application  with 
excellent  engraftment  may  tend  to  skew  the  data  in  an  artificially 
favorable  direction  if  only  mean  percentage  of  engraftment  is 
considered,  it  was  felt  that  an  assessment  of  actual  body  surface 
area  coverage  was  a  more  objective  means  of  assessing  the  impact  of 
cultured  keratinocytes.  The  tendency  for  large  surface  area 
applications  to  yield  poor  percentages  of  engraftment  was  reflected 
in  the  fact  that  the  average  body  surface  area  of  definitive  wound 
coverage  was  4.7%  of  the  total  body  surface  area  as  opposed  to  the 
expected  7.5%  when  mean  surface  area  of  application  and  mean 
percentage  engraftment  are  considered. 

To  further  delineate  the  experience  with  this  wound  care 
approach,  the  success  of  engraftment  was  assessed  with  respect  to 
the  level  of  wound  excision  and  the  extent  of  burn.  Table  1 
summarizes  our  experience  with  respect  to  the  excisional  wound  bed. 
Mean  patient  age  and  burn  size  were  similar  between  both  groups. 
Despite  application  of  cultured  epithelial  autografts  to  a  larger 
proportion  of  the  body  surface  area  (20.9%  vs  12%),  patients 
undergoing  fascial  excisions  had  a  smaller  area  of  definitive  wound 
coverage  (2.8%  vs  6.1%)  than  patients  undergoing  dermal  wound 
excisions.  Table  2  summarizes  the  data  with  respect  to  the  extent 
of  burn  injury.  Again,  the  ages  of  the  two  patient  groups  were 
similar;  however,  patients  with  burn  sizss  in  excess  of  70%  of  the 
total  body  surface  area  had  a  similar  extent  of  definitive  wound 
coverage  (4.6%  vs  4.8%)  when  compared  to  patients  with  smaller 
burns  despite  over  three  times  greater  area  of  application  of 
keratinocytes  (21.5%  vs  6.6%). 
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TABLE  1.  Wound  Bed  Data 


Excision 

Tvpe 

n* 

Mean 

Mean  Age  Burn  Size 

<Yr)  (%  TBSA) 

Keratinocyte 
Application 
(%  TBSA) 

Definitive 
Coverage 
(%  TBSA) 

Fascial 

7 

31.2 

(18-48) 

71.8 

(44-85) 

20.9 

(4-59) 

2.8 

(0-6.3) 

Dermal 

9 

28.5 

(10-56) 

65.5 

(42-82) 

12 

(5.4-24.5) 

6.1 

(0-18.6) 

(  )  indicates 

range;  TBSA,  total  body 

surface  area. 

TABLE  2.  Burn  Size  Data 

Burn  Size 
(%  TBSA) 

n*» 

Mean  Age 
(Yr) 

Keratinocyte 
Application 
(%  TBSA) 

Definitive 
Coverage 
(%  TBSA) 

<  70 

6 

31 

(18-48) 

6.6 

(4 .0-8. 8) 

4.8 

(2. 8-7. 8) 

>  70 

10 

29 

(10-56) 

21.5 

(7.4-59.2) 

4.6 

(0-18.6) 

(  )  indie 

ates 

range;  TBSA,  total  body 

surface  area. 

DISCUSSION 

An  increasing  number  of  extensively  burned  patients  are  being 
successfully  resuscitated  and  supported  during  the  early  postinjury 
period.  Though  modern  intensive  care  management  has  contributed 
signi.f  icar.tly  to  improved  survival,  ultimate  outcome  is  still 
dependent  upon  definitive  closure  of  the  burn  wound.  The  disparity 
between  available  donor  sites  and  burn  areas  requiring  coverage  has 
stimulated  interest  in  alternative  means  of  wound  coverage. 
Rheinwald  and  Green's  report  (6)  of  the  ability  to  cultivate  human 
keratinocytes  in  vj.tro  has  encouraged  many  investigators  to  explore 
the  potential  application  of  this  technology  for  burn  wound 
closure.  Multiple  reports  exist  in  the  literature  which  promote 
the  use  of  cultured  autologous  epithelium  in  the  closure  of  burn 
wound3  (2-5).  Reports  of  successful  engraftment  have  ranged  from 
471  up  to  751  of  applied  cells.  On  first  inspection,  our  results 
with  cultured  keratinocytes  were  similar  to  published  reports. 
However,  rather  than  reporting  percentage  of  successful 
engraftment,  a  more  objective  means  of  assessing  the  impact  of  this 
technology  was  to  determine  the  actual  body  surface  area  closed  by 
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the  grafts.  In  thi.3  cohort  of  burn  patients,  only  4.7%  (range 
0-18.6%)  of  the  total  body  surface  area  was  definitively  covered 
with  cultured  epithelial  autografts  despite  application  to  an 
average  of  15.9%  of  the  body  surface  area.  Further  evaluation  of 
the  data  reveals  small  areas  of  definitive  wound  coverage  in 
patients  with  burns  >  70%  of  the  total  body  surface  area,  the 
target  population  for  this  technology.  Although  the  overall 
patient  experience  with  this  technology  has  been  less  than 
encouraging,  the  data  do  reveal  a  wide  range  of  keratinocyte 
engraftment,  both  in  the  population  of  patients  with  large  burns 
and  on  fascial  wound  bed  excisions.  Future  investigation  into  this 
wound  care  technology  will  focus  upon  means  by  which  engraftment 
success  can  be  optimized.  Consequently,  this  protocol  was  amended 
to  permit  evaluation  of  maturation  and  differentiation  of  the 
applied  epidermal  cells  with  respect  to  the  formation  of  basement 
membranes  and  anchoring  fibrils  as  assessed  by  intermittent 
histologic  examination  of  biopsies  of  the  sites  of  engraftment. 
Also,  investigation  into  the  causes  of  delayed  graft  loss  will  be 
pursued  by  evaluation  of  the  impact  of  microbial  density  and  the 
possible  role  of  autoimmune  phenomenon. 
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Eurothane*)  in  the  treatment  of  skin  graft  donor  sites  in  comparison  with 
fine-mesh  gauze.  Forty-two  burned  patients  will  undergo  split-thickness  skin 
graft  harvesting  from  an  anterior  thigh.  One-half  of  this  donor  site  will  be 
treated  with  Eurothane*  and  the  other  half  will  be  covered  with  fine-mesh 
gauze.  A  record  will  be  maintained  comparing  the  time  of  complete 
epithelization  and  the  time  at  which  reharvesting  of  the  donor  site  is 
considered  feasible.  Data  analysis  will  be  performed  using  the  paired  t 
test . 

2S.  CJ >  9010  -  9109.  Thirteen  patients  have  been  enrolled  in  the  study,  7 
during  this  reporting  period.  Upon  completion  of  enrollment,  the  data  will 
be  analyzed  as  indicated. 
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Eurothane®  (BEAM  Tech  Ltd,  Cheshire,  United  Kingdom)  is 
manufactured  from  a  polyetherurethane  fabricated  into  a  membrane 
structure  designed  to  provide  an  ideal  environment  for  natural 
healing  by  control  of  the  factors  which  influence  tissue  repair. 
The  objective  of  this  study  is  to  evaluate  the  efficacy  of 
Eurothane®  in  the  treatment  of  skin  graft  donor  sites  in  comparison 
with  fine-mesh  gauze. 

Thirteen  patients  have  been  enrolled  in  this  study,  7  during 
this  reporting  period.  Upon  completion  of  enrollment,  the  data 
will  be  analyzed  as  indicated. 
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A  CLINICAL  STUDY  OF  THE  EFFICACY  OF  A  POLYETHERURETHANE 
MEMBRANE  DRESSING  (Eurothane®)  IN  THE  TREATMENT 
OF  SKIN  GRAFT  DONOR  SITES 


Eurothane®  (BEAM  Tech  Ltd,  Cheshire,  United  Kingdom)  is 
manufactured  from  a  polyetherurethane  fabricated  into  a  membrane 
structure.  The  chemistry  combines  hard  and  soft  blocks  of 
urethane,  producing  a  soft,  flexible,  elastic,  asymmetric  membrane 
0 . 5  mm  thick,  having  open  pores  on  the  wound  contact  surface  and  an 
ultraporous  skin  forming  the  outer  surface. 

Eurothane®  is  designed  to  provide  an  ideal  environment  for 
natural  healing  by  control  of  the  factors  which  influence  tissue 
repair.  The  self-adhesive  membrane  properties  of  Eurothane® 
provide  for  thermal  insulation  and  create  an  environment  for 
optimal  wound  healing  by  controlling  the  exudate  uptake  and 
moisture  vapor  transmission.  Maximum  exudate  absorption  is  four 
times  the  original  weight  of  the  dressing.  Water  removal  from  the 
wound  is  achieved  by  absorption  into  the  open  pores  of  the  dressing 
following  by  moisture  vapor  transmission  at  the  surface.  The 
dressing  will  not  support  the  growth  of  microorganisms  and  the 
outer  surface  composition  seems  to  prevent  ingress  of  bacteria. 

Availability  of  skin  graft  donor  sites  is  a  limitation  in 
definitive  burn  wound  closure.  Methods  to  hasten  donor  site 
healing  and  consequently  burn  wound  closure  would  have  a  positive 
effect  on  the  care  of  thermally  injured  patients.  The  objective  of 
this  study  is  to  evaluate  the  efficacy  of  Eurothane®  in  the 
treatment  of  skin  graft  donor  sites  in  comparison  with  fine-mesh 
gauze . 


MATERIALS  AND  METHODS 

Study  Design.  Forty-two  patients  with  burn  injuries  <  70%  of 
the  total  body  surface  area  undergoing  an  initial  split-thickness 
skin  graft  harvest  from  an  anterior  thigh  will  be  enrolled  in  the 
study.  One  surgeon  harvests  the  skin  grafts  utilizing  the  same 
dermatome  at  the  same  thickness  (0.010  in) .  One-half  of  the  donor 
site  is  treated  with  Eurothane®  after  obtaining  hemostasis  with 
warm  saline  laparotomy  pads.  The  dressing  extends  at  least  1  cm 
beyond  the  wound  margin  for  optimal  adherence.  The  other  half  of 
the  donor  site  is  covered  with  fine-mesh  gauze  and  hemostasis  is 
achieved  with  warm  saline  laparotomy  pads.  The  fine-mesh  gauze  is 
applied  to  the  wound  edges  without  overlap.  The  Eurothane®-treated 
donor  site  areas  are  inspected  after  removal  of  the  dressing  on  the 
seventh  postoperative  day  or  at  the  time  of  spontaneous  separation 
of  the  dressing.  If  the  wound  is  completely  reepithelialized,  it 
is  exposed  to  air.  If  spontaneous  separation  occurs  prior  to  the 
seventh  postoperative  day,  and  provided  no  contraindications  exist, 
additional  Eurothane®  is  applied. 
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Criteria  for  Admission  to  the  Study.  Patients  admitted  to  the 
US  Army  Institute  of  Surgical  Research  are  offered  the  opportunity 
to  participate  in  this  study.  Properly  signed  and  witnessed  DA 
Forms  5303-R,  Volunteer  Agreement  Affidavit,  are  obtained  from  each 
patient  prior  to  initiation  of  the  study. 

Patient  Inclusion.  Patients  meeting  the  following  criteria 
are  enrolled  in  the  study  upon  giving  written  informed  consent: 

1.  Male  or  female  patients  >.  18  yr  of  age.  Female 

patients  must  have  been  surgically  sterilized,  be  postmenopausal 
(>  45  yr  of  age  and  the  lack  of  menstrual  periods  for  >  1  yr)  ,  or 

have  a  negative  pregnancy  test  prior  to  initiation  into  the  study. 

2.  Patients  with  burn  sizes  <  70%  of  the  total  body 
surface  area. 

Patient  Exclusion.  Patients  meeting  any  of  the  following 
criteria  are  excluded  from  participation  in  the  study: 

1.  Patients  <  18  yr  of  age. 

2.  Patients  who  are  pregnant  or  nursing. 

3.  Patients  with  an  injury  as  a  result  of  an 
electrical  burn  or  toxic  epidermal  necrolysis. 

4.  Patients  with  burn  sizes  >  70%  of  the  total  body 
surface  area. 

Determination  of  Number  of  Subjects  Required.  A  total  of  42 
patients  will  be  required  to  demonstrate  a  25%  treatment  difference 
with  a  Type  I  error  of  0.05  and  a  power  of  90%. 

Data  Collection.  Photographs  are  taken  immediately  after 
harvest,  after  removal  of  the  Eurothane®,  and  at  the  time  of 
separation  of  fine-mesh  gauze  as  a  comparison.  Donor  sites  are 
examined  daily  for  signs  of  infection  or  adverse  reaction  to  the 
dressing.  Donor  sites  from  which  the  dressing  prematurely 
separates  are  examined  for  signs  of  infection  or  tissue  reaction. 
Adverse  reactions  and  premature  separations  of  the  dressing  are 
recorded.  A  record  is  maintained  comparing  the  time  of  complete 
donor  site  epithelialization  and  the  time  at  which  reharvesting  of 
the  donor  site  is  felt  to  be  appropriate. 

Data  Analysis  Plan.  Data  analysis  will  be  performed  using  the 
paired  t  test.  Each  patient  will  serve  as  his/her  own  control. 

RESULTS 

Thirteen  patients  have  been  enrolled  in  this  study,  7  during 
this  reporting  period. 
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DISCUSSION 


When  the  projected  total  of  42  patients  have  completed  the 
study,  the  data  will  be  analyzed  as  to  the  efficacy  of  Eurothane® 
in  the  treatment  of  skin  graft  donor  sites  in  comparison  with 
fine-mesh  gauze. 

PRESENTATIONS /PUBLICATIONS 

None . 
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Burn  patients  have  a  significant  infection  diathesis  due  in 
part  to  the  loss  of  the  normal  epithelial  skin  barrier  and  to  the 
postburn  immunosuppression.  Burn  patient  wounds  are  therefore 
frequently  contaminated  with  various  microorganisms.  Control  of 
such  contamination  is  attempted  through  the  use  of  topical 
antimicrobial  agents.  Despite  topical  wound  care,  invasive  burn 
wound  infection  occurs  in  certain  patients  with  major  thermal 
injuries.  Currently,  the  diagnosis  of  a  developing  infection 
depends  upon  the  clinical  observation  of  the  patient's  wounds  and 
a  review  of  the  patient's  vital  signs  and  laboratory  test  data. 
When  such  evidence  indicates  that  an  invasive  burn  wound  infection 
could  be  developing,  appropriate  burn  wound  biopsies  are  obtained 
and  sent  for  histopathological  examination  to  check  for  the 
presence  of  invasive  infection.  Blood  cultures  are  a  .so  obtained. 
There  are  currently  no  reliable  blood  tests  for  detecting  burn 
wound  infections  early  in  the  course  of  development.  The 
development  of  positive  blood  cultures  indicates  that  the  infection 
has  progressed  to  a  very  significant  degree  and  is  life-threatening 
to  the  patient.  It  would  therefore  be  desirable  to  have  a  blood 
test  available  which  would  indicate  early  burn  wound  invasion 
before  the  patient  has  become  critically  and  possibly  irreversibly 
septic . 

TNF  levels  are  now  measurable  through  the  use  of  an  ELISA  kit. 
These  assays  determine  the  level  of  the  TNF  protein  in  the  serum  of 
patients.  Elevations  in  the  serum  level  of  TNF  can  be  expected  in 
patients  who  are  experiencing  significant  systemic  endotoxemia,  as 
would  result  from  a  developing  infection.  The  exact  levels  of  TNF 
expected  in  burn  patients  and  burned  septic  patients  has  not  as  yet 
been  determined.  Therefore,  the  objective  of  this  study  is  to 
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measure  TNF  levels  in  all  burn  patients  and  to  correlate  these 
levels  with  their  clinical  course.  An  attempt  will  be  made  to 
determine  if  changes  in  TNF  levels  are  indicative  of  impending 
infection  or  successful  treatment  of  an  infective  process. 

Twenty-three  patients  have  been  enrolled  in  the  study  to  date 
and  serial  plasma  samples  have  been  drawn  for  analysis  by  ELISA. 
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INVESTIGATION  OF  THE  IMPORTANCE  OF  ALTERATIONS 
IN  TUMOR  NECROSIS  FACTOR  (TNF)  IN  BURN  PATIENTS 


Infection  remains  a  primary  cause  of  morbidity  and  mortality  in 
severely  burned  patients  (1).  This  infection  diathesis  is  due  in 
part  to  the  postburn  immunosuppression  seen  following  major  thermal 
injuries.  The  exact  etiology  of  the  postburn  immunosuppression  is 
as  yet  undetermined.  Investigators  are  therefore  studying  multiple 
components  of  the  immune  system  in  order  to  delineate  better  the 
immunosuppression  and  determine  which  patients  are  at  greater  risk 
of  developing  infections. 

One  component  of  the  immune  system  which  has  not  been 
extensively  investigated  in  burn  patients  is  the  production  of  TNF. 
TNF  is  produced  by  monocytes/macrophages  in  response  to  exposure  to 
endotoxin  (2)  .  TNF  was  initially  demonstrated  to  cause  significant 
tumor  regression  in  animal  models  and  to  enhance  resistance  to 
bacterial  infections  (3) .  TNF  can  also  alter  thermoregulation  and 
produce  multiphasic  febrile  responses  (4) .  TNF  may  also  elevate 
plasma  hematocrit  levels  by  promoting  loss  of  intravascular  fluid 
into  the  interstitium  (2)  .  TNF  affects  metabolism  in  a  manner 
similar  to  sepsis  as  reflected  by  simultaneous  decrease  in  plasma 
glucose  levels  and  increase  in  plasma  lactate  levels  and 
stimulation  of  hepatic  acute-phase  protein  synthesis  (5,6). 
Chronic  elevation  of  TNF  results  in  cachexia  and  muscle  wasting 
(7).  TNF  also  exerts  predominantly  stimulatory  effects  on  WBCs . 
At  extremely  high  concentrations,  it  can  induce  fatal  hemodynamic 
instability  (6) . 

Despite  these  findings  in  animal  models,  very  little 
investigation  has  been  performed  in  human  burn  patients. 
Therefore,  this  study  will  attempt  to  delineate  better  the 
significance  of  TNF  levels  in  burn  patients,  with  special  reference 
to  the  correlation  of  elevations  in  TNF  levels  and  impending  sepsis 
or  recovery  from  infections. 

MATERIALS  AND  METHODS 

Number  of  Patients.  One  hundred  burn  patients  will  be  enrolled 
in  this  study  based  upon  eligibility  criteria  and  informed  consent. 

Criteria  for  Admission.  Patients  admitted  to  the  US  Army 
Institute  of  Surgical  Research  are  offered  the  opportunity  to 
participate  in  this  study.  Properly  signed  and  witnessed  DA  Forms 
5303-R,  Volunteer  Agreement  Affidavit,  are  obtained  from  each 
patient  prior  to  initiation  of  the  study. 

Patient  Inclusion.  Patients  meeting  the  following  criteria 
are  considered  eligible  for  enrollment  in  the  study  after  giving 
written  informed  consent: 
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1.  Male  or  female  patients  >  18  yr  old. 

2.  Patients  admitted  to  the  Institute  within  the  first  7 
days  postburn. 


3.  Patients  with  burns  >  20%  of  the  total  body  surface 
area  (the  presence  of  an  inhalation  injury  not  being  exclusionary) . 

Patient  Exclusion.  Patients  meeting  any  of  the  following 
criteria  are  excluded  from  participation  in  this  study: 


area . 


1.  Patients 

2.  Patients 

3.  Patients 

4 .  Patients 


<  18  yr  old. 

admitted  to  the  Institute  >  7  days  postburn, 
with  burns  <  20%  of  the  total  body  surface 

with  toxic  epidermal  necrolysis. 


Study  Design.  A  5-ml  sample  of  whole  blood  is  obtained  on  a 
twice  weekly  basis.  These  samples  are  drawn  in  a  tube  containing 
EDTA  as  an  anticoagulant  (blue-top  tube)  on  Mondays  and  Thursdays 
at  the  time  of  routine  blood  drawings  until  the  patient  has  <  5%  of 
his  burn  uncovered  with  autograft.  The  blood  is  immediately  taken 
to  the  Biochemistry  Branch  for  centrifugation.  Serum  is  aspirated 
and  stored  at  -70°C  until  the  ELISA  assay  is  performed  on  the 
sample.  The  ELISA  test  will  be  performed  using  a  standard  ELISA 
plate  containing  antibodies  to  TNF  coated  on  the  bottom  of  the 
wells  of  the  plate  (T-Cell  Sciences,  Inc.,  840  Memorial  Drive, 
Cambridge,  MS  02139)  .  The  assays  will  be  performed  by  the 
Biochemistry  Branch  utilizing  the  ELISA  device  currently  in  use. 
Patients  are  monitored  prospectively  on  a  daily  basis  for  the 
development  of  infections  as  defined  by  Institute  criteria  and  the 
clinical  course  will  be  correlated  with  the  results  of  the  TNF 
assays.  Test  results  will  be  coded  for  identification  purposes 
only  and  the  key  to  the  code  will  be  available  only  to  the 
principal  investigator. 


Determination  of  the  Number  of  Subjects  Required.  It  is 

estimated  that  if  the  average  burn  size  of  these  patients  is  >  30% 
of  the  total  body  surface  area,  they  will  be  hospitalized  >  5 
weeks,  based  on  patients  requiring  >  1  days  hospitalization  per 
percent  total  body  surface  area  burned.  Therefore,  each  patient 
would  have  >  10  blood  samples  drawn  for  TNF  assay.  This  would 
yield  a  total  number  of  >  1,000  samples  for  the  study.  This  number 
of  assays  should  permit  correlation  of  TNF  levels  with  infection. 


Data  Collection.  Infection  data  are  collected  from  the 
Institute's  monthly  infection  report.  Additional  data  are 
collected  as  indicated  in  Figures  1  and  2. 
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2.  Chart  Number: 


1.  Patient  Name: 


3. 

Date  of  Birth: 

4 . 

Date  of  Burn: 

5. 

Total  Burn  Size: 

6 . 

Total  3°  Burn  Size: 

7  . 

Inhalation  Iniurv: 

8. 

Associated  Injuries: 

9.  Preexisting  Medical  Conditions: 


10.  Preburn  Medications: 

11.  Burn  Wound  Infections 

a.  Dates  of  Documentation: 

b.  Methods  of  Documentation: 

c.  Organisms  Involved: 

d.  Treatments  Instituted: 

12.  Pneumonias 

a.  Dates  of  Documentation: 

b.  Methods  of  Documentation: 

c.  Organisms  Involved: 

d.  Treatments  Instituted: 

13.  Urinary  Tract  Infections 

a.  Dates  of  Documentation: 

b.  Methods  of  Documentation: 

c.  Organisms  Involved: 

d.  Treatments  Instituted: 

14.  Other  Infections 

a.  Dates  of  Documentation: 

b.  Methods  of  Documentation: 

c.  Organisms  Involved: 

d.  Treatments  Instituted: 

15.  Bacteremias 

a.  Dates  of  Documentation: 

b.  Methods  of  Documentation: 

c.  Organisms  Involved: 

d.  Treatments  Instituted: 

16.  Operations 

a.  Dates: 

b.  Area  Not  Covered  by  Autograft  After  Each  Operation 

17.  Other  Significant  Clinical  Events: 

18.  Patient  Outcome:  _  19.  Date  of  Discharge/Death: 

20.  Autopsy  Findings  (if  applicable): 


FIGURE  1.  Data  collection  scheme. 


140 


FIGURE  2.  Data  collection  sheet. 
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Data  Analysis  Plan.  Data  will  be  analyzed  comparing  TNF 
levels  in  infected  versus  noninfected  patients.  This  will  include 
comparisons  between  noninfected  and  bacteremic  patients  plus 
noninfected  patients  and  patients  with  infections  of  the  burn 
wound,  lung  (pneumonia),  or  urinary  tract.  ANOVA  will  be  utilized 
for  these  comparisons.  Comparisons  will  also  be  made  of  serum  TNF 
levels  in  patients  during  the  week  prior  to  the  clinical  diagnosis 
of  infection  to  determine  if  elevations  of  TNF  levels  are 
predictive  of  impending  sepsis.  Comparison  of  TNF  levels  to  WBC 
counts  will  be  made  using  linear  regression  to  determine  any 
correlations . 

RESULTS 

Twenty-three  patients  have  been  enrolled  in  the  study  to  date 
and  serial  plasma  samples  have  been  drawn  for  analysis  by  ELISA. 

DISCUSSION 

Upon  completion  cf  the  enrollment  of  100  patients,  the  data 
will  be  analyzed  and  presented  for  publication. 

PRESENTATIONS/PUBLICATIONS 

None . 
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Hospitalization  for  a  critical  illness  is  frequently  viewed  as 
a  crisis  situation  for  both  the  patient  and  the  family.  Even 
though  the  importance  of  family  support  and  assistance  during 
critical  illness  has  been  recognized  from  as  early  as  1945, 
hospital  care  often  has  remained  patient-centered  only.  When 
anxiety  is  reduced  and  healthy  coping  mechanisms  are  promoted  to 
facilitate  dealing  with  the  crisis,  the  family  is  better  able  to 
provide  the  crucial  support  necessary  for  the  patient  to  cope  with 
severe  illness  or  injury. 

Several  studies  have  described  the  needs  of  families  of 
critically  ill  patients  as  perceived  by  the  family  members.  No 
studies  have  described  such  needs  of  families  of  critically  injured 
burned  patients.  The  objectives  of  this  study  are  to  describe  the 
needs  of  family  members  of  critically  injured  burn  patients  as  they 
perceive  them  across  a  span  of  time,  compare  perceptions  of  needs 
by  individual  family  members  with  those  of  nurses  who  interact  with 
them  in  the  burn  unit,  and  describe  the  psychometric  properties  of 
the  Critical  Care  Family  Needs  Inventory  (CCFNI)  when  used  with  the 
burn  unit  population. 

An  initial  6  months  data  collection  pilot  was  completed  at  this 
Institute,  resulting  in  minor  revisions  of  the  protocol  hypotheses 
and  refinement  of  data  collection  methodology.  Twelve  patients 
were  enrolled  in  the  study  conducted  at  this  Institute,  with  32 
family  responses  and  22  staff  responses. 

After  approval  of  the  revised  protocol,  requests  for 
participation  in  the  study  were  sent  to  154  burn  units  listed  in 
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the  directory  of  the  American  Burn  Association.  Thirteen  burn 
units  completed  the  human  use  review  process  and  are  presently 
enrolling  patients  in  the  study. 

Data  collection  at  the  Institute  was  completed  during  June 
1990.  Data  at  other  burn  units  will  be  collected  for  6  months  or 
until  February  1992.  Data  from  all  participating  units  will  then 
be  analyzed  during  the  summer  of  1992  to  determine  the  needs  of 
family  members  of  critically  injured  burned  patients  as  they 
perceive  them  across  a  span  of  time  compared  to  the  perceptions  of 
the  nurses  who  interact  with  them  in  the  burn  unit  and  to  describe 
the  psychometric  properties  of  the  CCFNI  when  used  with  the  burn 
unit  population. 
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A  COMPREHENSIVE  ANALYSIS  OF  THE  PERCEIVED  NEEDS  OF  FAMILIES 
OF  CRITICALLY  INJURED  BURNED  PATIENTS 


Hospitalization  for  a  critical  illness  is  frequently  viewed  as 
a  crisis  situation  for  both  the  patient  and  the  family.  Even 
though  the  importance  of  family  support  and  assistance  during 
critical  illness  has  been  recognized  from  as  early  as  1945  (1), 
hospital  care  often  has  remained  patient-centered  only.  The  move 
away  from  patient-centered  care  to  a  family-centered  care  focus 
became  more  evident  beginning  in  1970  as  the  benefits  were 
evaluated  (2-9) .  When  anxiety  is  reduced  and  healthy-coping 
mechanisms  are  promoted  to  facilitate  dealing  with  the  crisis,  the 
family  is  better  able  to  provide  the  crucial  support  necessary  for 
the  patient  to  cope  with  severe  illness  or  injury. 

As  nurses  became  more  involved  with  the  families  of  their 
patients,  the  families  frequently  became  a  source  of  stress  for  the 
staff  (10-13) .  Four  main  factors  have  been  identified  as  a  source 
of  this  staff  stress,  i.e.,  the  limited  amount  of  time  available 
for  the  nurse  to  deal  with  families,  the  amount  of  stress  in  nurses 
from  other  sources,  the  nurses'  knowledge  about  psychological 
aspects  of  dealing  with  families  in  crisis,  and  the  security  role 
of  the  nurse  (13).  As  a  result,  staff  responses  to  families  during 
their  brief  periods  of  visiting  often  become  routinized. 
Interventions  such  as  orientation  to  the  unit,  providing 
information  concerning  treatment  modalities,  and  visiting  policies 
are  often  generalized  based  on  staff  perceptions  only.  Frequently, 
energy  may  be  spent  by  the  nurses  in  trying  to  cope  with 
nonexistent  family  needs  or  needs  already  met  by  others. 

Becoming  more  aware  of  the  importance  of  certain  needs  to 
families  will  assist  nurses  in  developing  strategies  to  assist 
families  with  stress.  An  essential  component  in  this  process  is  to 
determine  the  self-perceived  needs  of  family  members  of  burn 
patients  and  how  they  correlate  with  health  care  provider 
perceptions.  Any  discrepancy  can  serve  to  explain  why  previous 
strategies  may  not  have  assisted  families  and,  therefore,  led  to 
further  frustration  for  both  families  and  nurses.  The  knowledge 
gained  may  also  serve  to  fccus  the  staff's  time  and  energy  on  the 
family  needs  that  are  most  appropriate  for  them  to  manage.  The 
health  care  providers'  role  of  security  related  to  family 
interventions  may  then  increase  as  they  learn  specific  strategies 
to  deal  with  a  narrowed  scope  of  needs . 

When  the  needs  of  families  of  burn-injured  patients  are 
described,  specific  interventions  will  need  to  be  evaluated  for 
effectiveness.  Once  the  psychometric  properties  of  the  Critical 
Care  Family  Needs  Inventory  (CCFNI)  are  determined  in  the  burn 
patient  population,  selected  dimensions  of  the  tool  may  be  used 
more  effectively  to  study  relat ionships  between  specific 
interventions  and  observed  outcomes . 
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Several  exploratory  descriptive  studies  have  been  done  using 
the  CCFNI ,  or  a  variation  of  it,  to  identify  family  needs  of 
critically  ill  patients.  These  studies  have  been  conducted  in 
different  types  of  critical  care  units,  with  different  types  of 
patient  diagnoses,  and  in  different  geographic  locations. 

The  original  study  (14)  which  developed  the  CCFNI  was  conducted 
in  a  variety  of  IC.Us,  i.e.,  MICU,  SICU,  CCU,  and  thoracic  ICU,  and 
was  based  on  crisis  and  human  needs  theories  (15,16).  The 
importance  of  the  family  needs  was  measured  within  48  h  after  the 
patient  had  been  transferred  from  the  ICU.  Families  were  asked  if 
their  needs  were  met,  and  if  so,  by  whom.  Of  interest  was  the 
finding  that  many  needs  were  met  by  support  personnel  other  then 
nurses  and  physicians.  Also  noteworthy  was  that  the  family  did  not 
expect  the  role  of  health  care  providers  to  be  family-centered. 

Leske  (17)  replicated  part  of  Molter' s  study  (14)  using  a 
heterogeneous  sample  from  different  institutions.  Using  a 
self-report  questionnaire  format  versus  the  interview  format  used 
by  Molter,  families  were  surveyed  within  the  first  72  h  of  the 
patient's  admission  to  the  ICU.  The  top  nine  needs  identified  in 
Leske' s  study  were  among  the  top  10  needs  reported  by  Molter. 

Rodgers  (18)  used  the  CCFNI  with  families  of  cardiac  surgical 
patients  who  had  uneventful  surgery.  This  was  the  first  study  in 
which  the  tool  was  used  as  a  self-report  questionnaire.  The 
important  needs  identified  were  similar  to  those  reported  in  other 
studies . 

In  a  study  with  families  of  SICU  and  MICU  patients,  Bouman  (19) 
determined  that  family  needs  differed  across  a  time  span.  At  36  h 
postadmission,  the  family  needs  were  primarily  cognitive  in  nature 
versus  an  emphasis  on  emotional  needs  at  96  h  postadmission.  The 
fact  that  needs  appear  to  change  over  a  time  span  becomes  important 
in  determining  the  timing  of  interventions.  Bouman  used  the 
results  to  develop  a  comprehensive  plan  of  care. 

While  investigating  the  needs  of  families  using  a  modified 
version  of  the  CCFNI,  Daley  (20)  also  evaluated  categories  of 
persons,  i.e.,  health  care  providers,  clergy,  family  members, 
friends,  etc.,  perceived  as  most  likely  to  meet  the  needs.  Like 
Molter  (14),  Daley  found  a  variety  of  resources  used  by  family 
members  to  meet  their  needs.  The  Daley  study  was  significant  in 
that  this  was  the  first  time  needs  were  placed  into  broad 
categories.  Unfortunately,  the  categories  were  arbitrarily 
developed  rather  than  psychometrically  derived. 

In  a  study  using  the  CCFNI  that  compared  needs  of  the  family 
members  of  brain-injured  patients  versus  those  of  family  members  of 
patients  without  brain  injury,  Mathis  (21)  found  differences  and 
similarities  in  family  needs  among  varying  patient  populations. 
Although  the  small  sample  size  raises  questions  about  statistical 
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conclusion  validity,  determining  if  differences  exist  among  varying 
patient  populations  is  of  interest  to  all  specialties,  including 
burn  nursing. 

Based  on  the  premise  that  as  stress  decreased  families  could 
better  offer  their  support  to  patients,  Spatt  et  al  (22)  surveyed 
families  to  determine  which  needs  were  perceived  as  being  unmet. 
The  family  members  completed  the  CCFNI  after  the  patient  was  in  the 
ICU  at  least  48  h.  The  most  frequently  cited  unmet  needs  were 
daily  contact  with  the  physician  and  consistency  among  the  nursing 
staff,  ability  to  distinguish  various  types  of  hospital  staff 
members,  and  unclear  explanations  concerning  prognosis  and  patient 
condition.  A  patient  information  pamphlet  was  developed  and  tested 
to  meet  these  needs. 

Norris  and  Grove  (23)  used  a  variation  of  the  CCFNI  to  compare 
needs  reported  by  family  members  to  those  reported  by  critical  care 
nurses.  Findings  indicated  that  there  was  a  statistical  difference 
between  the  perceptions  of  needs  of  the  two  groups  on  four  items. 
This  study  served  to  sensitize  nurses  to  the  importance  of 
assessing  the  family's  perception  of  needs.  In  a  similar  study 
(24),  the  level  of  need  satisfaction  as  perceived  by  52  family 
members  was  compared  to  how  accurately  92  nurses  identified  those 
areas  of  relatively  high  and  low  family  satisfaction.  The  nurses 
were  accurate  (Spearman's  at  0.50)  at  identifying  the  level  at 
which  family  members  perceived  needs  as  being  met.  A  limitation  of 
the  study  was  that  there  was  no  attempt  to  match  the  family's 
perceptions  with  those  of  a  primary  nurse  for  the  patient/family 
unit.  In  addition,  the  importance  of  the  needs  to  the  family 
member  was  not  evaluated. 

A  review  of  the  literature  over  the  past  15  years  related  to 
family  needs  of  burn  patients  indicates  that  most  studies/case 
reports  are  concerned  with  .  nformational  needs,  usually  at  the  time 
of  discharge  (25-28) .  A  retrospective  survey  of  68  family  members 
(29)  did  evaluate  family  needs  related  to  receiving  information 
prior  to  the  initial  visit.  The  most  important  topics  identified 
were  the  patient's  condition,  chance  of  recovery,  and  a  description 
of  the  injury.  This  study  also  identified  aspects  of  the  first 
visit  that  were  disturbing  to  the  family,  i.e.,  the  appearance  of 
the  patient  and  the  environment  in  the  unit.  Families  also 
identified  that  the  physician  (91.1%)  and  the  nurses  (42.6%)  were 
the  primary  personnel  who  should  meet  these  needs.  Lo  studies  were 
reported  that  used  the  CCFNI  to  identify  a  more  comprehensive  data 
base  of  family  needs  in  the  burn  unit  population. 

There  is  a  comprehensive  data  base  related  to  family  needs  in 
the  critical  care  unit  environment;  however,  very  little  research 
has  been  conducted  describing  the  needs  of  burn  patient  families. 
Due  to  the  often  devastating  sequelae  of  burn  injuries  plus  the 
extended  periods  of  hospitalization,  it  is  postulated  that  family 
needs  will  be  different  in  the  burn  patient  family  population  than 
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those  in  the  general  critical  care  population.  Therefore,  a 
comprehensive  data  base  of  family  needs  of  burn  victims  is 
necessary  to  ensure  appropriateness  and  effectiveness  of 
interventions  . 

The  major  objectives  of  the  study  are  to  describe  the  needs  of 
family  members  of  critically  injured  burned  patients  as  they 
perceive  them  across  a  span  of  time,  compare  perceptions  of  needs 
by  individual  family  members  with  those  of  nurses  who  interact  with 
them  in  the  burn  unit,  and  describe  the  psychometric  properties  of 
the  CCFNI  when  used  with  the  burn  unit  population. 

MATERIALS  AND  METHODS 

Participant  Criteria.  A  convenience  sample  is  used  of  burn 
patient  family  member r  who  are  >  18  yr,  able  to  read  English,  have 
a  family  relationship  or  are  a  common  law  spouse,  housemate,  legal 
'•'uardian,  or  close  friend,  designated  by  the  patient  if  there  is  no 
mily  relative.  There  is  no  limitation  to  the  number  of  family 
m>  b»ers  per  patient  who  can  enroll  in  the  study  to  complete  the 
C  'FNI  at  the  first  time  interval.  However,  one  family  member  is 
designated  by  the  family  present  at  the  beginning  of  the  study  as 
the  primary  visitor  for  the  patient  during  the  hospitalization. 
The  primary  visitor  is  not  necessarily  the  legal  next-of-kin,  but 
rather  the  person  the  family  feels  is  able  to  visit  the  most 
consistently.  This  individual  completes  subsequent  versions  of  the 
CCFNI  across  the  appropriate  time  frames.  A  nurse  caring  for  the 
patient  is  asked  to  complete  the  CCFNI  within  48  h  of  having 
contact  with  the  primary  visitor  after  he/she  completes  the  CCFNI. 
The  nurses'  CCFNIs  reflect  the  nurses'  perceptions  of  the  needs  of 
the  primary  visitor  only. 

Study  Design.  This  is  a  descriptive/comparative  study  to 
establish  a  comprehensive  data  base  related  to  the  perceived  needs 
of  family  of  critically  burned  patients.  A  letter  was  sent  to  all 
burn  units  within  the  United  States  currently  listed  in  the 
directory  of  the  American  Burn  Association  inviting  participation 
in  this  study.  The  primary  benefit  to  participatin'  units  is  that 
analyses  of  their  unit-specific  data  can  be  comparer  ith  the  total 
study  sample  analyses.  Th^  unit -specif ic  analyses  may  '•'Iso  serve 
as  baseline  data  for  potential  studies  of  specific  interventions  in 
that  unit.  In  addition,  ail  units  participating  will  be  listed  in 
any  published  results.  Once  the  units  obtain  permission  from  their 
inst  itut  ioii  il  review  board  to  conduct  this  study,  data  are 
collected  for  a  6-month  period  or  until  February  1992.  The  unit 
data  collection  coordinator  codes  all  data  forms  and  maintains  the 
key  to  the  uata  at  the  facility.  Only  coded  forms  are  fo-warded  to 
the  Institute  for  analyses.  The  principal  investigators  at  the 
Institute  have  the  specific  unit  code  key  for  participating  units 
and  each  unit  receives  their  unit  code  number,  study  instruments, 
and  specific  data  collection  instructions  upon  enrollment  in  the 
study . 
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Description  of  Procedures.  After  the  family  member  visits  the 
patient  at  least  once  within  the  first  72  h  postadmission  to  the 
critical  care  burn  unit,  and  after  verbal/written  informed  consent 
is  obtained,  the  unit  data  collection  coordinator  has  the  family 
member  complete  the  Family  Member  Data  Form  and  the  CCFNI .  Any 
number  of  family  members  for  a  specific  patient  can  participat  in 
completing  the  first  version  of  the  CCFNI.  One  member  of  the 
family  is  then  designated  by  the  family  as  the  ’’primary  visitor". 
The  family  member  designated  as  the  primary  visitor  is  asked  to 
complete  the  CCFNI  again  at  2,  4,  and  6  weeks  as  appropriate  and  at 
the  time  of  patient  transfer  from  the  ICU  (see  Table  1) . 


TABLE  1.  CCFNI  Administration  Template 


Code 

Tin  -  Period 

1 

Within  72  h  of  admission,  after  first  visit 

2 

2  weeks  postadmission 

3 

4  weeks  postadmission 

4 

6  weeks  postadmission 

5 

Transfer  from  unit  (does  not  include  death) 

The  data  collection  coordinator  identifies  a  nurse  who  has 
interacted  with  the  primary  visitor  within  48  h  of  the  primary 
visitor's  completion  of  the  CCFNI  and  asks  that  nurse  to  complete 
a  staff  CCFNI  and  Burn  Unit  Personnel  Data  Form.  Nurses  can 
participate  more  than  once  in  the  study  with  the  same  primary 
visitor  or  with  different  primary  visitors  for  different  patients. 
However,  individual  nurses  complete  only  one  Burn  Unit  Personnel 
Data  Form. 

The  data  collection  coordinator  collects  the  data  about  the 
unit  once  using  the  Unit  Demographic  Data  Form  and  data  abouc  each 
study  patient  using  the  Patient  Data  Form.  Using  both  the  Patient 
Data  Form  and  Family  Member  Data  Form,  a  code  key  sheet  is 
completed  for  each  patient.  CMly  coded  forms  of  data  tools  are 
3ent  to  the  Institute.  The  pr  ary  investigators  at  the  Institute 
maintain  a  code  key  sheet  for  the  unit  code  numbers  only. 

Data  Analysis  Plan.  In  order  to  pilot  proper  data  collection 
techniques,  data  from  the  Institute  was  collected  for  6  months 
prior  to  soliciting  participation  from  other  burn  units  within  the 
United  States.  Descriptive  and  inferential  statistical  procedures 
wore  used  for  analyses.  Selected  psychometric  properties  of  the 
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CCFNI  were  determined  based  on  data  obtained  within  the  first  72  h 
postadmission  from  all  burn  units  participating  in  the  study.  It 
is  anticipated  that  400-600  family  members  will  be  involved  in  the 
study  as  well  as  250-500  health  care  personnel. 

RESULTS 

An  initial  6  months  data  collection  pilot  was  completed  at  this 
Institute,  resulting  in  minor  revisions  of  the  protocol  hypotheses 
and  refinement  of  data  collection  methodology.  Twelve  patients 
were  enrolled  in  the  study  conducted  at  this  Institute,  with  32 
family  responses  and  22  staff  responses.  There  were  no  reports 
from  family  or  staff  members  of  negative  experiences  associated 
with  the  study. 

Based  on  the  data  collected  during  the  pilot  portion  of  the 
study,  the  decision  was  made  not  to  request  information  concerning 
who  met  the  family  needs.  In  addition,  clarification  as  to  the 
time  frame  of  when  to  administer  the  CCFNI  to  the  staff  was 
delineated  in  the  protocol.  All  data  collection  tools  were 
reviewed  by  an  expert  for  ease  of  entry  into  a  computer  data  base. 

After  approval  of  the  revised  protocol,  requests  for 
participation  in  the  study  were  sent  to  154  burn  units  listed  in 
the  directory  of  the  American  Burn  Association.  Thirteen  burn 
units  completed  the  human  use  review  process  and  are  presently 
enrolling  patients  in  the  study. 

Data  collection  at  the  Institute  was  completed  during  June 
1991.  Preliminary  demographic  data  indicate  that  family  members 
completing  the  questionnaire  consisted  of  8  spouses  (21.1%),  25 
parents  (65.8%),  2  siblings  (5.3%),  2  children  (5.3%),  and  1 
grandparent  (2.6%)  .  The  mean  age  for  these  individuals  was  41.6  yr 
(range  16-64) .  Thirty-four  of  these  family  members  were  female 
(89.5%)  and  4  (10.5%)  were  male.  These  individuals  ranged  from 
manual  laborers  to  administrative  personnel,  small  business 
managers,  and  minor  professionals.  Educational  levels  ranged  from 
high  school  graduate  through  partial  college  training.  Seventy-two 
percent  indicated  that  religion  was  important  in  their  lives  and 
55%  had  prior  experience  with  family  members  in  an  ICU;  no  one  had 
prior  experience  with  a  family  member  in  a  burn  unit.  Thirty-two 
of  these  family  members  designated  themselves  as  primary  visitors, 
although  38  were  considered  primary  visitors  to  complete  subsequent 
questionnaires . 

Data  for  the  burn  patients  indicated  a  mean  age  of  27.2  yr 
(range  <  1-93),  a  mean  total  body  surface  area  burn  size  of  39.5% 
(range  7-85%),  and  a  mean  3°  burn  size  of  23.2%  (range  0-85%). 
Inhalation  injury  was  present  in  47.4%  of  these  patients,  other 
injuries  in  10.5%,  and  prior  medical  conditions  in  21.1%.  The 
assessment  of  severity  of  injury  for  the  data  collection 
coordinator  and  the  family  member  are  as  indicated  in  Table  2. 
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TABLE  2.  Assessment  of  Severity  of  Injury  (%) 


Assessment 

Data  Collection 
Coordinator 

Family  Member 

Critical,  may 

die 

26.3 

31.6 

Ill,  but  will 

live 

60.5 

39.5 

Stable 

13 . 2 

23.7 

DISCUSSION 

Data  at  other  burn  units  will  be  collected  for  6  months  or 
until  February  1992.  Upon  completion  of  enrollment  at  all  burn 
units  participating  in  the  study,  the  data  will  be  analyzed  to 
determine  the  needs  of  family  members  of  critically  injured  burned 
patients  as  they  perceive  them  across  a  span  of  time  compared  to 
the  perceptions  of  the  nurses  who  interact  with  them  in  the  burn 
unit  and  to  describe  the  psychometric  properties  of  the  CCFNI  when 
used  with  the  burn  unit  population. 
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ABSTRACT 


PROJECT  NUMBER:  3M1 627 87A874 ,  Applied  Research  and  Exploratory 

Development 

PROJECT  TITLE:  Effect  of  Sucralfate  on  Prevention  of  Stress 

Ulcers  and  Nosocomial  Pneumonia  in  Thermally 
Injured  Patients 

INSTITUTION:  US  Army  Institute  of  Surgical  Research,.  Fort  Sam 

Houston,  San  Antonio,  Texas  78234-5012 

PERIOD  COVERED  IN  THIS  REPORT:  1  October  1990  -  30  September  1991 

INVESTIGATORS:  William  G.  Cioffi,  Jr.,  MD,  Major,  MC 

Loring  W.  Rue,  III,  MD,  Major,  MC 

Albert  T.  McManus,  PhD 

Bryan  S.  Jordan,  RN,  MSN 

William  F.  McManus,  MD,  Colonel,  MC 

Basil  A.  Pruitt,  Jr.,  MD,  Colonel,  MC 


Support  for  investigating  alternative  methods  for  stress  ulcer 
prophylaxis  resides  in  the  fact  that  pneumonia  is  now  the  most 
significant  nosocomial  infection  in  thermally  injured  patients  and 
adds  significantly  to  their  morbidity  and  mortality.  Any  therapy 
which  could  decrease  this  incidence  would  be  of  obvious  benefit. 
Additionally,  it  might  be  of  benefit  if  a  nonsystemic  agent  could 
replace  one  which  is  systemic  in  nature  and  has  known  adverse 
effects  on  organ  function.  Therefore,  the  objective  of  this  study 
is  to  verify  that  sucralfate  is  effective  in  the  prevention  of 
stress  ulcer-induced  gastrointestinal  bleeding  and  in  the  reduction 
of  nosocomial  pneumonia. 

Sixty-three  patients  have  been  enrolled  in  this  study  to  date, 
43  during  this  reporting  period.  One  patient  receiving  sucralfate 
had  a  clinically  significant  gastrointestinal  bleed  which 
necessitated  performance  of  a  subtotal  gastrectomy.  There  have 
been  no  other  episodes  of  significant  gastrointestinal  bleeding  in 
either  patient  population. 

When  the  projected  total  of  300  patients  have  completed  the 
study,  the  data  will  be  analyzed  as  to  the  efficacy  of  sucralfate 
in  the  prevention  of  stress  ulcer-induced  gastrointestinal  bleeding 
and  reduction  of  nosocomial  pneumonia. 
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EFFECT  OF  SUCRALFATE  ON  PREVENTION  OF  STRESS  ULCERS 
AND  NOSOCOMIAL  PNEUMONIA  IN  THERMALLY  INJURED  PATIENTS 


Prior  to  adoption  of  measures  to  neutralize  gastric  acid, 
gastrointestinal  bleeding  was  a  relatively  frequent  lethal 
complication  in  thermally  injured  patients.  Endoscopically 
documented  mucosal  ulcerations  could  be  identified  in  almost  all 
seriously  injured  patients  (1)  .  The  current  therapy,  aimed  at 
maintaining  gastric  pH  above  4.5,  has  virtually  eliminated  this 
complication  (2) . 

In  1978,  Atherton  and  White  (3)  proposed  that  the  stomach  might 
serve  as  a  reservoir  for  bacteria  that  then  colonized  the 
respiratory  tract  of  mechanically  ventilated  patients.  It  is  now 
accepted  that  when  the  pH  of  the  gastric  contents  rises  above  4, 
tl.e  stomach  becomes  rapidly  colonized  with  bacteria.  Some  authors 
have  suggested  that  in  patients  with  gram-negative  nosocomial 
pneumonia,  the  bacteria  appear  to  be  of  gastric  origin.  Since  the 
incidence  of  pulmonary  aspiration  of  gastric  contents  may  be  as 
high  as  74%  in  mechanically  ventilated  patients  (4),  a  method  of 
stress  ulcer  prophylaxis  which  does  not  allow  bacterial 
colonization  of  the  stomach  may  be  beneficial. 

A  recently  reported  prospective  randomized  trial  documented 
that  sucralfate  was  as  effective  as  antacids  or  H2  blockers  in 
preventing  stress-induced  bleeding.  The  incidence  of  nosocomial 
pneumonia  was  lower  in  patients  receiving  sucralfate  than  those 
receiving  antacids  or  H2  blockers  (5) . 

Sucralfate,  a  chemical  complex  of  sucrose  octasulfate  and 
aluminum  hydroxide,  appears  to  protect  against  stress  ulcer 
bleeding  through  pepsin  absorption,  mucosal  protein  binding,  and 
cytoprotection  without  significantly  altering  gastric  pH  (6) .  It 
has  beer,  suggested  recently  that  sucralfate  may  also  have  intrinsic 
antibacterial  activity  (7). 

Previous  trials  investigating  the  use  of  sucralfate  as 
prophylaxis  for  stress  ulcer-induced  bleeding  have  all  suffered 
from  the  same  flaw.  The  population  of  patients  studied  was  usually 
not  at  significant  risk  for  the  development  of  stress  ulcers. 
Patients  with  significant  thermal  injury  represent  a  population  at 
significant  risk  for  the  development  of  stress  ulcers.  With 
preliminary  work  suggesting  that  sucralfate  is  adequate  for 
prophylaxis  in  populations  at  less  risk,  the  next  logical  step  is 
to  attempt  its  use  in  patients  at  higher  risk. 

Therefore,  the  purpose  of  tnis  study  is  twofold.  First,  the 
efficacy  of  sucralfate  in  the  prevention  of  stress  ulcer-induced 
gastrointestinal  bleeding  will  be  investigated.  Second,  the 
incidence  of  pneumonia  in  patients  randomized  to  receive  standard 
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therapy  with  antacids  and  H2  blockers  will  be  compared  to  that  in 
patients  who  receive  sucralfate. 

MATERIALS  AND  METHODS 

Study  Design.  Three  hundred  patients  will  be  randomized  to 
receive  either  standard  prophylaxis  or  sucralfate.  The  gastric  pH 
of  all  patients  will  be  checked  and  recorded  every  hour.  The 
incidence  of  gastrointestinal  bleeding,  pneumonia,  and 
tracheobronchitis  will  be  recorded  for  each  patient.  Any  patient 
demonstrating  clinically  evident  bleeding  will  undergo  upper 
gastrointestinal  endoscopy  to  verify  the  source  of  the  bleeding. 
Sputum  Gram  stain  and  cultures  and  gastric  aspirate  cultures  will 
be  obtained  every  Monday,  Wednesday,  and  Friday  and  as  clinically 
indicated.  Isolates  from  each  source  will  be  typed  and  compared. 
The  timing  of  colonization  for  each  source  will  be  recorded. 
Differences  between  treatment  groups  in  the  rate  of  occurrence  of 
pneumonia  and  clinically  evident  gastrointestinal  bleeding  will  be 
evaluated,  with  the  patients  stratified  for  the  presence  of 
inhalation  injury. 

Criteria  for  Admission.  Three  hundred  patients  will  be 
enrolled  in  this  study.  Properly  signed  and  witnessed  DA  Forms 
5303-R,  Volunteer  Agreement  Affidavit,  are  obtained  from  each 
patient  prior  to  initiation  of  the  study. 

Patient  Inclusion.  Patients  meeting  the  following  criteria 
are  eligible  for  participation  in  this  study  after  giving  written 
informed  consent : 

1.  Male  or  female  patients  >  18  yr  old.  Female  patients 
must  have  been  surgically  sterilized,  be  postmenopausal  (>  45  yr  of 
age  and  lack  of  menstrual  periods  for  >  1  yr) ,  or  have  a  negative 
pregnancy  test  immediately  prior  to  entry  into  the  study. 

2.  Patients  admitted  to  the  US  Army  Institute  of  Surgical 
Research  within  48  h  postburn. 

3.  Patients  with  burns  >  20%  of  the  total  body  surface 
area  (the  presence  of  an  inhalation  injury  not  being  exclusionary) . 

Patient  Exclusion.  Patients  meeting  any  of  the  following 
criteria  are  excluded  from  participation  in  this  study: 

1.  Patients  under  <  18  yr  old. 

2.  Patients  who  are  pregnant  or  nursing. 

3.  Patients  admitted  to  the  US  Army  Institute  of  Surgical 
Research  more  than  48  h  postburn. 
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4.  Patients  with  burns  <  20%  of  the  total  body  surface 

area . 

5 .  Patients  with  a  previous  history  of  peptic  ulcer 

disease . 

6.  Patients  who  are  presently  receiving  H2  antagonists. 

7.  Patients  with  a  diagnosis  of  pneumonia  at  the  time  of 
admission  to  the  US  Army  Institute  of  Surgical  Research. 

Description  of  Procedures.  Patients  meeting  entry  criteria 
will  be  randomized  to  receive  either  standard  prophylaxis  or 
sucralfate.  Standard  anti-ulcer  prophylaxis  will  consist  of  the 
administration  of  cimet.idine  and  antacids.  Cimetidine  (300  mg  IV) 
will  be  administered  every  6  h.  The  dose  of  cimetidine  will  be 
adjusted  depending  upon  the  patient's  renal  function  and  gastric 
pH.  Antacids  will  be  administered  as  a  30-cc  bolus  via  the 
nasogastric  tube  every  2  h.  Any  evidence  of  clinically  significant 
upper  gastrointestinal  bleeding  will  result  in  withdrawal  of  the 
patient  from  the  study.  Withdrawal  from  the  study  for  any  reason 
will  result  in  the  classification  of  the  patient  as  a  treatment 
failure.  Gastric  pH  will  be  checked  every  hour  and  if  the  pH  is 
<4.5,  the  dose  of  antacids  will  be  doubled  and  administered  on  an 
hourly  basis  until  the  pH  is  >  4.5.  Sucralfate  (1  g  suspended  in 
20  cc  water)  will  be  administered  via  the  nasogastric  tube  every  6 
h.  The  tube  will  be  clamped  for  1  h  following  administration.  The 
gastric  pH  of  these  patients  will  be  checked  and  recorded  every 
hour.  The  incidence  of  clinically  evident  gastrointestinal 
bleeding  will  be  recorded.  Any  patient  who  demonstrates  clinically 
evident  bleeding  will  undergo  upper  gastrointestinal  endoscopy  to 
verify  the  source  of  the  bleeding.  The  diagnosis  of  pneumonia  will 
be  based  upon  roentgenographic  findings  consistent  with  pneumonia, 
sputum  leukocytes  >  20  WBC/hpf,  and  growth  of  a  predominant 
organism  on  sputum  culture.  A  diagnosis  of  tracheobronchitis  will 
be  made  based  upon  an  elevated  sputum  culture  leukocytosis  (>  20 
WBC/hpf)  and  a  predominant  organism  in  the  sputum  culture.  The 
incidence  of  pneumonia  and  tracheobronchitis  will  be  recorded  for 
each  patient.  Sputum  Gram  stain  and  cultures  and  gastric  aspirate 
cultures  will  be  obtained  every  Monday,  Wednesday,  and  Friday  and 
as  clinically  indicated.  Isolates  from  each  source  will  be  typed 
and  compared.  The  timing  of  colonization  for  each  source  will  be 
recorded. 

Determination  of  Number  of  Subjects  Required.  Between  1983  and 
May  1985,  there  were  220  patients  who  developed  pneumonia  out  of  a 
total  of  1,300  admissions  for  an  incidence  of  17%.  For  patients 
with  burns  exceeding  20%  of  the  total  body  surface  area,  this 
incidence  is  estimated  to  be  25-30%.  Assuming  an  incidence  of  25% 
and  a  50%  reduction  in  the  incidence  of  pneumonia  in 
sucralfate-treated  patients  as  suggested  in  the  literature,  150 
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patients  per  arm  will  be  required  to  prove  the  hypothesis  with  a 
type  I  error  <  0.05  and  a  type  II  error  <  0.2. 

Data  Collection.  The  gastric  pH  of  all  patients  will  be 
checked  and  recorded  every  hour.  The  incidence  of  clinically 
evident  gastrointestinal  bleeding,  pneumonia,  and  tracheobronchitis 
will  be  recorded  for  each  patient  and  the  timing  of  colonization 
for  each  source  will  be  recorded. 

Data  Analysis  Plan.  Differences  between  treatment  groups  in 
the  rate  of  occurrence  of  pneumonia  and  clinically  evident 
gastrointestinal  bleeding  will  be  evaluated  for  significance  using 
the  Chi-square  technique. 


RESULTS 

Sixty-three  patients  have  been  enrolled  in  this  study  to  date, 
43  during  this  reporting  period.  One  patient  receiving  sucralfate 
had  a  clinically  significant  gastrointestinal  bleed  which 
necessitated  performance  of  a  subtotal  gastrectomy.  There  have 
been  no  other  episodes  of  significant  gastrointestinal  bleeding  in 
either  patient  population. 


DISCUSSION 

When  the  projected  total  of  300  patients  have  completed  the 
study,  the  data  will  be  analyzed  as  to  the  efficacy  of  sucralfate 
in  the  prevention  of  stress  ulcer-induced  gastrointestinal  bleeding 
and  reduction  of  nosocomial  pneumonia. 
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This  investigation  is  a  multicenter,  double-blind,  randomized, 
parallel,  placebo-controlled,  pilot  study  of  the  effect  of 
intermittent  versus  continuous  administration  of  EXOSURF®  aerosol 
on  pulmonary  function  in  patients  with  early  adult  respiratory 
distress  syndrome  due  to  cutaneous  thermal  injury  and  smoke 
inhalation.  Twenty-four  patients  will  be  assigned  randomly  to  four 
treatment  groups . 

The  objectives  of  this  study  are  to  determine  whether  a  twofold 
increment  in  EXOSURF®  dose  alters  the  effects  of  aerosolized 
EXOSURF®  on  shunt  fraction  and  other  physiologic  measurements  of 
pulmonary  function  and  to  assess  patient  tolerance  to  continuous 
aerosolized  EXOSURF®  for  5  days.  Improvement  in  shunt  fraction 
will  be  an  indication  that  EXOSURF®  actually  is  being  deposited  in 
the  alveolar  regions  of  the  lung  and  is  improving  gas  exchange, 
compliance,  and/or  functional  residual  capacity.  Secondary 
measures  of  efficacy  will  be  hypoxemia  ratio,  respiratory  system 
compliance,  days  on  mechanical  ventilation,  and  survival.  Safety 
will  be  determined  by  studying  the  effect  of  aerosolized  EXOSURF® 
on  blood  chemistries,  hematologic  indices,  urinalyses,  ECGs,  and 
chest  roentgenographs. 

This  project  was  approved  by  the  USAISR  Research  Council,  the 
US  Army  Institute  of  Surgical  Research  Human  Use  Committee,  and  The 
Surgeon  General's  Human  Subjects  Research  Review  Board  during  the 
second  quarter  of  fiscal  year  1990.  No  patients  have  been  enrolled 
in  the  study  to  date. 
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A  MULTICENTER  DOUBLE-BLIND,  RANDOMIZED,  CONTROLLED  PILOT  STUDY 
OF  THE  EFFECT  OF  INTERMITTENT  VERSUS  CONTINUOUS  ADMINISTRATION 
OF  EXOSURF®  IN  PATIENTS  WITH  ADULT  RESPIRATORY  DISTRESS 
SYNDROME  INDUCED  BY  THERMAL  AND  SMOKE  INHALATION  INJURY 


Acute,  severe  pulmonary  insufficiency  afflicts  patients  of  all 
ages,  ranging  from  the  newborn  to  geriatric  age  groups.  A  common, 
often  fatal  form  of  acute  pulmonary  insufficiency  in  adults  is 
termed  adult  respiratory  distress  syndrome  (ARDS)  (1,2). 

ARDS  develops  as  a  result  of  various  and  diverse  etiologies. 
ARDS  may  occur  after  direct  lung  injuries,  such  as  chest  contusion, 
aspiration,  near  drowning,  or  inhalation  of  smoke  or  irritant 
gases.  ARDS  may  also  develop  after  various  nonpulmonary  disorders, 
including  sepsis,  trauma,  shock,  burns,  fractures,  transfusions, 
and  pancreatitis  (1,3-7). 

Inhalation  injury  is  common  in  patients  with  thermal  injury. 
An  estimated  10-40%  of  thermal  injury  patients  have  a  concurrent 
inhalation  injury,  which  frequently  causes  pulmonary  complications 
(8,9)  .  Mortality  rates  of  individuals  with  smoke  inhalation  injury 
can  increase  significantly  when  compared  to  similar  burn  patients 
without  injury  (8) .  The  presence  of  smoke  inhalation  injury  may 
increase  mortality  in  every  age  group  and  burn  size  (8)  .  The 
number  of  burn  patients  with  inhalation  injury  who  develop 
respiratory  compromise  each  year  remains  uncertain.  However, 
pulmonary  complications,  including  ARDS,  are  now  some  of  the 
leading  causes  of  mortality  in  burn  patients  with  inhalation 
injury . 

ARDS,  often  rapid  in  onset  and  requiring  mechanically  assisted 
ventilation,  results  in  a  mortality  which  exceeds  65%  (1-5) .  The 
clinical  picture  is  one  of  increased  pulmonary  endothelial  and 
epithelial  permeability,  resulting  in  exudation  of  protein— rich 
fluid  in  interstitial  and  alveolar  spaces,  severe  hypoxia  secondary 
to  right-to-left  shunting  of  blood,  microatelectasis,  and  a 
decreased  amount  and/or  inactivation  of  surfactant  (1-7,10—15). 

Surfactant  is  a  lipid  protein  complex  which  lines  the  alveolar 
surface  of  the  lung  (16) .  Surfactant  reduces  surface  tension  at 
the  air-liquid  interface,  lowers  end-expiratory  volumes  of  the 
lung,  increases  lung  compliance,  and  aids  in  keeping  the  small 
alveoli  as  dry  as  possible  (17,18).  Surfactant  is  a  mixture  of 
several  phospholipids  and  numerous  proteins  (16) ;  however,  the  main 
constituent  is  dipalmitoyl-phosphatidylcholine  (DPPC) ,  comprising 
approximately  50%  of  the  complex.  DPPC  is  the  component 
responsible  for  the  surface  tension-lowering  properties  of  the 
complex.  Another  component  of  surfactant  is  phosphatidylglycerol 
(PG)  .  While  as  surface  active  in  DPPC,  the  role  of  PG  in 
surfactant  is  unclear  since  PG  may  be  unnecessary  for  good 
surfactant  function  (19,20)  .  However,  PG  is  a  good  marker  for 
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mature  lung  and  surfactant  in  the  neonate  (21)  .  Most  of  the 
proteins  in  the  surfactant  are  of  serum  origin,  although  there  are 
several  surfactant-specific  proteins  with  molecular  weights  in  the 
ranges  of  34-36  and  5-14  kD  (16,22-25).  The  surfactant-specific 
proteins  aid  in  the  spreading  of  surfactant  on  the  alveolar 
surface.  The  lung  lavage  fluid  content  of  the  lower  molecular 
weight  protein  is  decreased  in  several  animal  models  of  lung  injury 
(26)  .  Analyses  of  bronchoalveolar  lavage  from  ARDS  patients  and 
from  animal  models  of  acute  lung  injury  demonstrate  that  the 
alveolar  phospholipids  have  a  reduced  content  of  DPPC  and  PG  and  a 
decreased  lecithin-sphingomyelin  ratio  similar  to  the  situation  in 
the  neonate  (13,15).  The  ARDS  patient  has  a  decreased  pulmonary 
compliance,  which  is  one  of  the  physiologic  correlates  of  increased 
alveolar  surface  tension  (1,2)  .  It  is  believed  that  the  initial 
lung  injury  precipitating  ARDS  is  a  breakdown  of  the  alveolar 
endothelial-opithelial  permeability  barrier.  As  a  consequence  of 
the  alveolar  injury,  there  is  a  marked  disturbance  of  the 
surfactant  system  (10-15).  The  etiology  of  ARDS  is  complex  and 
numerous  substances  are  released  into  the  lung  which  may  cause 
cellular  damage  and  surfactant  inactivation  (6). 

The  present  treatment  for  patients  with  ARDS  secondary  to  smoke 
inhalation  consists  of  mechanical  ventilation  with  positive 
end-expiratory  pressure,  supplemental  oxygen,  and  vigorous 
pulmonary  toilet,  all  of  which  are  supportive  attempts  to  maintain 
tutorial  oxygenation  rather  than  specific  disease  treatment.  In 
fact,  high  inspired  oxygen  concentrations  when  administered  to 
patients  on  mechanical  ventilation  may  in  and  of  themselves  cause 
further  lung  damage.  Such  supportive  therapeutic  approaches  are 
often  unsuccessful  and  may  result  in  significant  morbidity. 

The  administration  of  exogenous  surfactant  along  with 
mechanical  ventilation  and  positive  end-expiratory  pressure 
significantly  improves  the  survival  of  rabbits  in  a  lavage 
^urf actant-depleted  model  of  ARDS  and  in  mice  infected  with 
influenza  (27-30)  .  In  an  oxygen  toxicity  model  of  ARDS,  the 
administration  of  a  natural  surfactant  to  oxygen— exposed  rabbits 
improved  lung  compliance,  decreased  lung  edema,  and  appeared  to 
mitigate  the  lung  injury  (31).  Similarly,  administration  of 
exogenous  surfactant  to  ARDS  patients  should  improve  compliance  of 
the  lung  and  increase  functional  residual  capacity,  allowing  the 
patront  to  be  ventilated  with  lower  peak  pressures  and  lower 
inspired  oxygen  concentrations.  By  virtue  of  its  surface 
tension-lower ing  and  antiedema  properties,  exogenous  surfactant  may 
prevent  or  help  reverse  alveolar  edema  (32).  Thus,  exogenous 
surfactant  administration  early  in  the  course  of  ARDS  may  help 
stabilize  the  lungs,  thereby  decreasing  the  need  for  mechanical 
vent  l  laf  ion  . 

Preliminary  studies  in  patients  in  whom  exogenous  surfactant 
wag  administered  within  72  h  of  onset  of  severe  ARDS  showed 
t  i  3n;i  i  ent  improvement  in  gas  exchange.  Four  grams  of 


porcine-derived  surfactant  were  administered  as  a  50-ml 
intratracheal  bolus.  This  large  dose  of  surfactant  was  well 
tolerated  (33)  .  Natural  surfactant  equivalent  to  110  ml/kg  of  DPPC 
has  also  been  trachealiy  instilled  in  the  terminally  ill  child  with 
ARDS.  Within  4  h,  the  arterial  oxygen  tension  rose  from  19  to  200 
mmHg  and  there  was  significant  clearing  of  pulmonary  infiltrates  on 
the  chest  film.  Thus,  the  initial  experiences  suggest  that 
surfactant  administration  may  be  useful  in  the  treatment  of  ARDS. 

Natural  surfactant,  a  combination  of  lipids  and  proteins, 
exhibits  not  only  surface  tension-reducing  properties  but  also 
rapid  spreading  and  absorption.  Although  DPPC  by  itself  markedly 
reduces  surface  tension,  alone  it  is  ineffective  in  ARDS  because 
DPPC  spreads  and  absorbs  poorly  (34-35) .  The  rapid  spreading  and 
absorption  necessary  for  normal  natural  surfactant  function  is 
conferred  by  the  apoproteins.  The  compound  to  be  used  in  this 
study,  EXOSURF®  (Burroughs  Wellcome  Company,  Research  Triangle 
Park,  NC) ,  is  a  totally  synthetic  surfactant  patented  in  1982. 
Since  alcohols  spread  rapidly  on  the  surface  of  water,  it  was 
postulated  that  adding  alcohol  to  DPPC  would  create  an  effective 
synthetic  surfactant.  In  this  sense,  the  alcohol  constituent  of 
EXOSURF®  serves  tne  same  function  as  the  apoprotein  moieties  of 
natural  surfactant.  EXOSURF  is  a  13.5:1.5:5.8:1  mixture  of  DPPC, 
hexadecanol (cetyl  alcohol),  sodium  chloride,  and  tyloxapol. 

Toxicology  studies  of  EXOSURF®  administered  intratracheally  as 
a  liquid  bolus  have  been  completed.  Fifty-two  newborn  rabbit  pups 
who  were  dosed  on  the  first  day  of  life  and  subsequently  sacrificed 
at  14  days  received  doses  of  EXOSURF®  at  1,  2,  and  3  times  the 
recommended  neonatal  dose  of  this  single  intratracheal  bolus. 
Several  pups  in  both  the  control-  and  EXOSUPF®-treated  groups  died 
acutely.  Postmortem  examination  showed  no  significant  changes 
attributable  to  EXOSURF®.  A  second  study  using  215  rabbit  pups  who 
received  EXOSURF®  4  times  a  day  in  doses  ranging  from  1  to  3  times 
the  recommended  dose  were  sacrificed  2  weeks  later.  Again,  no 
significant  pathology  attributable  to  EXOSURF®  was  noted  (Documents 
TTEP/85/0003  and  TTEP/85/0004 ,  Burroughs  Wellcome  Company). 

To  date,  four  toxicity  studies  of  aerosolized  EXOSURF®  in  adult 
animals  have  been  performed.  Pilot  studies  with  rats  and  monkeys 
have  been  performed  for  5  days  (Documents  TTEP/87/0005  and 
TTEP/ 87/0006,  Burroughs  Wellcome  Company) .  Aerosolized  EXOSURF® 
resulted  in  no  gross  or  microscopic  signs  of  toxicity.  Two  larger 
studies  (Documents  TTEP/87/0019  and  TTEP/87 /0020 ,  Burroughs 
Wellcome  Company)  using  larger  groups  of  rats  and  monkeys  once 
again  demonstrated  no  toxicity  secondary  to  aerosolized  EXOSURF® 
administration. 

To  date,  there  have  been  15  clinical  trials  with  EXOSURF®  used 
in  the  pediatric  age  group.  All  studies  were  randomized, 
paralleled,  placebo-controlled  trials  of  liquid  bolus 
administration  of  EXOSURF®.  Preliminary  analysis  of  these  studies 
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indicate  significant  reductions  in  deaths  in  EXOSURF®-treated 
groups  with  no  difference  in  the  incidence  of  bronchopulmonary 
dysplasia  or  intraventricular  hemorrhages  between  the  treated  and 
control  subjects. 

Pilot  studies  utilizing  aerosolized  EXOSURF®  in  adult  patients 
with  ARDS  have  been  initiated.  Thirteen  patients  have  been  treated 
with  aerosolized  EXOSURF®  without  adverse  reactions.  Patients 
responded  with  a  decreased  oxygen  requirement,  increased  Pa02/FI02 
ratio,  and  decreased  shunt  fraction. 

Pulmonary  complications  are  now  the  major  determinant  of 
mortality  in  patients  with  significant:  thermal  injury  and  smoke 
inhalation  (37).  Data  suggest  that  surfactant  depletion  and 
inactivation  may  be  partially  responsible  for  pulmonary  dysfunction 
following  smoke  inhalation. 

The  purpose  of  this  study  is  to  determine  whether 
administration  of  exogenous  surfactant  will  result  in  an 
improvement  in  pulmonary  functions  in  patients  with  thermal-  and 
inhalation  injury-induced  ARDS.  Additionally,  this  study  will 
attempt  to  ascertain  whether  continuous  or  intermittent 
administration  of  aerosolized  EXOSURF®  are  equally  effective. 

MATERIALS  AND  METHODS 

Study  Design.  This  study  is  designed  as  a  multicenter, 
double-blind,  randomized,  parallel  design,  pilot  investigation  of 
the  effect  of  EXOSURF®  or  saline  insufflation  on  pulmonary  function 
in  patients  with  early  pulmonary  insufficiency  secondary  to  smoke 
inhalation  injury.  Patients  will  be  randomized  to  one  of  4  groups. 
Group  A  will  be  administered  EXOSURF®  for  12  h/day,  Group  B  will  be 
administered  saline  for  12  h/day,  Group  C  will  be  administered 
EXOSURF®  for  24  h/day,  and  Group  D  will  be  administered  saline  for 
24  h/day.  Patients  in  each  treatment  group  will  receive  continuous 
aerosol  administration  of  the  appropriate  agent  for  the  designated 
time  of  5  days.  Randomization  will  be  such  that  twice  as  many 
patients  will  be  enrolled  in  the  treatment  groups  as  the  control 
groups . 

Drug  Preparation.  EXOSURF®  will  be  formulated,  packaged,  and 
labelled  by  the  Burroughs  Wellcome  Company.  EXOSURF®  will  be 
packaged  in  individual  50-ml  glass  vials  which  will  be  identified 
by  a  self-adhesive  label  containing  the  code  number,  dosage 
instructions,  and  storage  instructions.  EXOSURF®  is  formulated  as 
a  lyophilized  powder  in  sealed  glass  vials  and  is  stable  at  room 
temperature  for  prolonged  periods.  The  drug  will  be  prepared  in 
the  Pharmacy  within  4  h  before  use  and  will  be  refrigerated  until 
delivery  to  the  Institute.  EXOSURF®  or  saline  will  then  be 
administered  as  an  aerosol  generated  by  an  air-driven  nebulizer 
with  a  large  drug  reservoir. 
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Description  of  Procedures.  Twenty-four  patients  who  develop 
early  evidence  of  acute  lung  injury  as  the  result  of  thermal  and 
smoke  inhalation  injury  will  be  offered  the  opportunity  to 
participate  in  this  study.  After  written  informed  consent  is 
obtained,  the  patient  will  be  screened  as  indicated  in  Table  1. 
The  patient  will  then  be  transferred  to  the  ventilator  adapted  for 
this  study,  i.e.,  containing  the  necessary  output  to  control  the 
nebulizer.  After  the  patient  is  stabilized,  baseline  measurements 
of  respiratory  system  compliance,  airway  resistance,  temperature, 
hemodynamics,  cardiac  output,  ventilatory  data,  and  blood  gases 
will  be  recorded  (see  Table  1) .  From  these  data,  the  hypoxemia 
ratio,  lung  injury  score,  alveolar-arterial  P02  gradient,  arterial 
to  alveolar  ratio,  systemic  oxygen  transport,  and  shunt  fraction 
will  be  calculated.  A  baseline  blood  and  tracheal  fluid  sample 
will  be  obtained,  processed,  and  forwarded  on  dry  ice  to  the 
Burroughs  Wellcome  Company  for  assay  of  EXOSURF®  constituents. 

The  pharmacist  will  be  asked  to  contact  the  Burroughs  Wellcome 
Company  to  determine  whether  the  patient  is  to  receive  EXOSURF®  or 
saline.  Five  vials  of  EXOSURF®  or  175  ml  of  0.1N  NaCl  will  be 
prepared  and  placed  in  an  opaque  canister  for  each  4-h 
administration  segment.  The  canister  will  be  attached  to  the 
nebulizer  and  airflow  adjusted  to  one-half  the  volume  the  patient 
is  receiving  from  the  ventilator.  When  the  nebulizer  output  is 
stabilized,  the  output  will  be  connected  to  the  endotracheal  input 
at  the  same  time  as  the  ventilator  output  is  reduced  by  50%,  such 
that  the  minute  ventilation  the  patient  receives  during  treatment 
is  the  same  as  before  treatment. 

On  each  day,  canisters  will  be  replaced  at  4  and  8  h  for 
patients  in  Groups  A  and  B  and  at  4,  8,  12,  16,  and  20  h  for 
patients  in  Groups  C  and  D.  At  each  canister  replacement,  the  used 
canister  of  EXOSURF®  will  be  removed  from  the  ventilator  circuit 
without  being  opened  and  replaced  with  a  new  canister. 

Treatment  and  monitoring  will  continue  for  5  days,  unless 
clinical  signs  contraindicate  continued  aerosol  therapy.  A  daily 
chest  roentgenograph  will  be  made  each  morning.  If  sepsis  develops 
during  the  5  days  of  the  study,  the  site  of  infection  and 
identification  of  the  organism  will  be  recorded.  A  7-ml  arterial 
blood  sample  will  be  obtained  at  0,  12,  24,  108,  120,  and  144  h  and 
stored  for  possible  determination  of  DPPC-,  hexadecanol,  and 
tyloxapol.  A  10-ml  urine  sample  will  be  retained  from  24-h  urine 
collections  obtained  on  day  1  (0-24  h)  and  day  5  (96-120  h)  and 
stored  for  possible  determination  of  DPPC,  hexadecanol,  and 
tyloxapol.  In  addition,  tracheal  suctioning  will  be  performed  at 
0,  24,  120,  and  144  h  and  the  fluid  suctioned  from  the  airways  will 
be  retained  for  analysis. 

After  5  days  of  treatment,  or  if  the  decision  is  made  to 
discontinue  treatment  at  any  time  prior  to  5  days,  the  patient  will 
be  monitored  for  an  additional  24  h,  if  possible.  The  data 
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TABLE  1.  Study  Plan  Flow  Chart 


Screenina 

Treatment 

Period 

Posttreatmenta 

Follow  UD 

Adverse  experiences 

X 

X 

X 

APACHE  II  score 

X 

X 

Arterial  catheter 

X 

X 

Body  temperature 

X 

X 

X 

Blood  gas  measurements 

x 

X 

X 

Burn  surface  area 

X 

Cardiac  output 

X 

Chest  roentgenograph 

X 

X 

X 

X 

EXOSURF®  pharmacokinetic 
blood  sample 

X 

X 

EXOSURF®  pharmacokinetic 
urine  sample 

X 

Hemodynamic  measurements 

X 

Hematology,  blood  chemistry 

X 

X 

X 

X 

Medical  history 

X 

X 

X 

Physical  examination 

X 

X 

Respiratory  system  compliance 

X 

xb 

Shunt  fraction 

X 

Swan-Ganz  catheter 

X 

X 

Tracheal  secretion  sample 

X 

X 

Urinalysis 

X 

X 

X 

Ventilatory  data 

X 

xb 

12-lead  ECG 

X 

X 

X 

’Performed  24  h  after  the  final  EXOSURF®  administration. 
bPulmonary  function  testing  will  be  substituted  if  patient  is  not 
on  mechanical  ventilation. 


collected  during  this  24-h  postdosing  interval  will  be  appropriate 
to  the  cixnical  state  of  the  patient  at  that  time.  Ventilatory 
data  will  be  recorded  at  each  change  of  settings  during  the  24-h 
postdosing  interval.  Blood  gases,  shunt  fraction,  hypoxemia  ratio 


and  score,  temperature,  alveolar-arterial  P02  gradient,  arterial  to 
alveolar  ratio,  and  hemodynamics  will  be  collected  or  calculated 
every  4  h  during  the  24-h  postdosing  interval  if  the  patient  is  on 
mechanical  ventilation  and  catheters  are  in  place  compliance, 
airway  resistance,  and  cardiac  output  will  be  measured  every  8  h 
during  the  24-h  postdosing  interval.  If  the  patient  is  taken  off 
the  ventilator  or  catheters  are  removed  during  the  24-h  postdosing 
interval,  other  available  data  will  continue  to  be  collected  at  the 
specified  times.  A  chest  roentgenograph  will  be  obtained  each 
morning . 

Treatment  may  be  restarted  after  this  24-h  postdosing  interval 
if  the  clinical  status  of  the  patient  appears  to  deteriorate 
significantly.  Treatment  for  >  5  days  may  be  permitted  if  the 
patient  appears  to  be  improving  during  treatment,  but  deteriorates 
during  the  24-h  postdosing  interval.  However,  treatment  beyond  5 
days  (in  increments  of  up  to  5  days)  will  be  instituted  only  upon 
joint  approval  of  the  primary  investigator  and  the  Burroughs 
Wellcome  Company. 

The  patient  will  be  evaluated  at  approximately  30  days  after 
the  start  of  the  EXOSURF®  administration.  At  that  time, 
information  will  be  recorded  as  indicated  in  Table  1.  If  the 
patient  is  on  mechanical  ventilation  at  day  30,  then  compliance  and 
airway  resistance  will  be  measured  instead  of  pulmonary  function 
testing.  Pulmonary  function  testing  will  be  substituted  if  the 
patient  is  not  on  mechanical  ventilation;  however,  this  test  will 
be  omitted  if  the  patient's  health  status  does  not  permit 
performing  the  testing  by  day  40.  If  the  patient  dies  during  this 
one-month  interval,  the  last  available  data  and  cause  of  death  will 
be  recorded.  In  addition,  if  an  autopsy  is  performed,  a  copy  of 
the  report  will  be  forwarded  to  the  Burroughs  Wellcome  Company. 

Patient  Criteria.  Twenty-four  patients  admitted  to  the  US  Army 
Institute  of  Surgical  Research  will  be  enrolled  in  this  study. 
Properly  signed  and  witnessed  DA  Forms  5303-R,  Volunteer  Agreement 
Affidavit,  will  be  obtained  from  each  patient  prior  to  initiation 
the  study. 

Patient  Inclusion.  Patients  meeting  all  of  the  following 
criteria  will  be  eligible  for  enrollment  in  the  study: 

1.  Male  or  female  patients  >  18  yr  old.  Female  patients 
must  have  been  surgically  sterilized,  be  postmenopausal  (>  45  yr 

•old  and  lack  of  menstrual  periods  for  >  1  yr) ,  or  have  a  negative 
pregnancy  test  prior  to  initiation  into  the  study. 

2.  Patients  with  a  total  body  surface  area  burn  <  85%. 

3.  Patients  with  documented  inhalation  injury,  i.e., 
history  of  smoke  exposure,  bronchoscopic  evidence  of  inhalation 
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injury,  including  carbonaceous  deposits  at  or  below  the  trachea 
carina  and  tracheal  and/or  bronchial  erythema/edema. 

4.  Patients  who  are  intubated  and  on  mechanical 
ventilation  between  48  and  120  h,  inclusive,  after  initial  thermal 
and  inhalation  injury. 

5.  Patients  with  clinical  evidence  of  established  ARDS  as 
evidenced  by  hypoxemia  ratio  (Pa02/FI02  (FI02  expressed  as  a  decimal 
between  0.21  and  1.0))  between  50  and  299,  inclusive,  and  diffuse 
pulmonary  infiltrates  by  chest  roentgenograph  in  one  or  more 
quadrants . 

6.  Patients  with  a  Swan-Ganz  catheter. 

Patient  Exclusion.  Patients  meeting  any  of  the  following 
criteria  will' be  excluded  from  participation  in  the  study: 

1.  Male  or  female  patients  <  18  yr  old. 

2.  Patients  who  are  pregnant  or  nursing. 

3.  Patients  with  a  total  body  surface  area  burn  >  85%. 

4.  Patients  without  documented  inhalation  injury,  i.e., 
history  of  smoke  exposure,  bronchoscopic  evidence  of  inhalation 
injury,  including  carbonaceous  deposits  at  or  below  the  trachea 
carina  and  tracheal  and/or  bronchial  erythema/edema. 

5.  Patients  who  do  not  require  mechanical  ventilation 
between  48  and  120  h,  inclusive,  after  initial  thermal  and 
inhalation  injury  or  a  Swan-Ganz  catheter. 

6.  Patients  without  clinical  evidence  of  established  ARDS 
as  evidenced  by  hypoxemia  ratio  (Pa02/FI02  (FIG2  expressed  as  a 
decimal  between  0.21  and  1.0))  between  50  and  299,  inclusive,  and 
diffuse  pulmonary  infiltrates  by  chest  roentgenograph  in  one  or 
more  quadrants. 

7.  Patients  with  ECG  evidence  of  acute  infarction  or 
coronary  artery  ischemia  or  wedge  pressure  >  22  mmHg  by  Swan-Ganz 
catheter . 


8.  Patients  with  evidence  of  bacterial  pneumonia, 
Pneumocystis  cazinii ,  or  other  opportunistic  pulmonary  infections. 

9.  Patients  with  evidence  of  renal  failure,  as  defined  by 
sustained  oliguria  with  urine  output  <  30  ml/h. 

10.  Patients  with  evidence  of  hepatic  failure  as  defined 
by  bilirubin  >  5  or  SCOT  or  SGPT  >  5  times  the  upper  limit  of  the 
normal  range. 
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11.  Patients  with  evidence  of  hepatic  failure  as  defined 
by  bilirubin  >  5  or  SGOT  or  SGPT  >  5  times  the  upper  limit  of  the 
normal  range. 

12.  Patients  known  to  have  AIDS. 

13.  Patients  with  a  clinical  diagnosis  of  septic  syndrome 
at  time  of  screening. 

14.  Patients  with  head  injuries  with  a  Glasgow  coma  score 

<6. 

15.  Patients  receiving  chronic  medications  for  COPD, 
asthma,  or  emphysema. 

16.  Patients  with  the  presence  of  any  physiological  or 
psychological  condition  other  than  ARDS  which  contraindicates  the 
administration  of  EXOSURF®. 

Data  Analysis.  Data  collection  forms  for  this  study  will  be 
forwarded  to  the  Clinical  Monitor  at  the  Burroughs  Wellcome 
Company.  The  primary  measure  of  efficacy  will  be  improvement  in 
shunt  fraction,  as  shunt  fraction  is  a  sensitive  indicator  of  lung 
function  and  has  been  shown  to  correlate  with  disease  severity. 
Secondary  measures  will  be  the  hypoxemia  ratio,  respiratory  system 
compliance,  and  days  on  mechanical  ventilation.  A  lung  injury 
score  will  be  used  a  means  to  quantify  the  degree  of  respiratory 
failure  and/or  ARDS.  Survival  at  30  days  will  also  be  assessed. 

Efficacy  will  be  assessed  by  analyzing  each  EXOSURF®  treatment 
arm  relative  to  its  placebo  group  and  to  both  placebo  groups 
combined.  For  each  physiologic  parameter,  changes  from  baseline 
will  be  calculated  in  each  treatment  group  and  compared  to  one 
another.  Data  analyses  will  focus  upon  differences  in  mean  values 
at  specified  times,  mean  differences  from  baseline,  and  areas  under 
the  curves  for  respective  values  with  time.  In  these  critically 
ill  patients,  individual  values  for  shunt  fraction  are  expected  to 
vary  widely  within  and  between  patients.  Thus,  an  area  under  the 
curve  analysis  for  shunt  fraction  throughout  the  treatment  period 
will  be  the  preferred  analysis.  Rank  order  between  the  two 
treatment  groups  is  expected  rather  than  a  statistically 
significant  improvement  in  any  efficacy  parameter  because  of  the 
small  sample  size.  However,  the  data  from  this  pilot  study  should 
give  an  estimate  of  the  patient  variance  in  shunt  fraction  for  this 
subtype  of  ARDS  and  permit  informed  -power  calculations  for  the 
desiqn  of  subsequent  pivotal  evaluations  of  EXOSURF®  efficacy  and 
safety  in  thermal  and  inhalation  injury  patients  with  ARDS. 

Safety  will  be  analyzed  primarily  for  signs  of  intolerance  to 
the  dosing  regimens  by  comparing  the  number  of  adverse  experiences 
and  dosing  interventions  in  each  treatment  group. 
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Thermal  and  inhalation  injury  patients  with  sepsis  at  the  time 
of  screening  will  be  excluded  from  the  study  in  order  to  achieve  a 
more  homogeneous  patient  group.  The  time  course,  survival  rate, 
and  changes  in  circulating  mediators  suggest  major  differences  in 
sepsis-induced  ARDS  and  in  thermal  and  inhalation  injury-induced 
ARDS  complicated  by  sepsis.  However,  in  this  small  group  of 
patients,  data  will  not  be  excluded  from  analysis  'for  patients  v/ho 
develop  sepsis  after  entering  the  study. 

RESULTS 

No  patients  have  been  enrolled  in  this  study  to  date. 
Laboratory  experience  with  the  VI  SAN®  nebulizer,  which  i3  to  be 
used  for  the  delivery  of  the  aerosolized  surfactant,  has  uncovered 
multiple  inherent  defects. 


DISCUSSION 

Until  the  nebulizer  can  be  safely  used  in  the  animal  model, 
patients  will  not  be  enrolled  in  this  study. 

PRESENTATIONS/PUBLICATIONS 


None . 
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Advancements  in  medical  and  surgical  management  of  burn  injury 
have  resulted  in  decreased  mortality.  Hypertrophic  scarring  is  a 
major  Jong-term  complication  for  burn  injury  survivors.  Research 
into  methods  for  preventing  or  managing  burn  wound  scarring  may 
enhance  the  quality  of  life  of  burn  injury  survivors.  The 
objective  of  thi3  study  is  to  evaluate  the  efficacy  of  silicone  gel 
(Silastic™  gel  sheeting)  in  the  prevention  of  hypertrophic  burn 
scar  formation. 
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A  CLINICAL  STUDY  OF  THE  EFFICACY  OF  TOPICAL  SILICONE  GEL 
(Silastic™  GEL  SHEETING)  IN  THE  PREVENTION 
OF  HYPERTROPHIC  BURN  SCAR  FORMATION 


There  has  been  interest  in  the  use  of  silicone  materials  for 
the  treatment  of  burns  for  many  years  .  There  have  been  reports  of 
silicone  oil  and  silicone  dressings  in  the  treatment  of  hand  burns 
(1-3)  .  In  1988,  Dr.  Ohmori  of  Tokyo  reported  successful  treatment 
of  keloid  scars  with  Silastic™  (silicone)  sheeting. 
Dow-Corning-Wright  has  developed  and  is  now  marketing  a  Silastic™ 
gel  sheeting  for  clinical  use  with  hypertrophic  scars.  The 
product.  Silastic™  gel  sheeting,  is  a  3 . 5-mm  thick 
polyethyleneterephthalate-mesh,  reinforced  silicone  gel  sheet. 
Silicone  gel  sheets  have  been  found  to  be  bacteriologically  inert 
and  to  have  mechanical  extensibility  similar  to  skin  (4)  .  The 
mechanisms  of  action  of  silicone  gel  cn  hypertrophic  scar  is 
unknown.  After  studying  silicone  gel  sheets,  Quinn  et  al  (5) 
concluded  that  its  mechanisms  of  action  in  altering  scar  tissue  is 
not  secondary  to  pressure,  temperature,  oxygen  tension,  or  skin 
hydration  and  occlusion  and  may  therefore  involve  a  chemical 
factor.  Previous  studies  (5,6)  have  demonstrated  that  applications 
of  silicone  gel  sheets  soften,  flatten,  and  increase  the 
extensibility  of  existing  hypertrophic  burn  scars .  With  the 
exception  of  a  five-patient  clinical  trial  of  silicone  gel  as  a 
partial-thickness  burn  injury  dressing  (7),  there  have  been  no 
studies  to  assess  its  effect  as  treatment  for  the  prevention  of 
burn  scar  formation. 

The  objective  of  this  study  is  to  evaluate  the  efficacy  of 
silicone  gel  (Silastic™  gel  sheeting)  in  the  prevention  of 
hypertrophic  burn  scar  formation.  A  within  subjects,  repeated 
measures  and  between  groups  research  design  involving  recently 
skin-grafted  patients  will  be  used.  The  results  of  this 
preliminary  study  will  determine  if  subsequent  investigations  into 
the  mechanism  of  action  of  silicone  'el  are  feasible  within  an 
acute  care  setting. 

MATERIALS  AND  METHODS 

Study  Design.  This  study  utilizes  patients  who  have  undergone 
meshed,  split-thickness  skin  grafting  of  at  least  one  upper 
extremity.  When  the  graft  heals  so  that  the  interstices  are 
closed,  a  4-cm2  patch  of  Silastic™  gel  sheeting  is  applied  to  a 
grafted  area  and  secured  with  surgical  netting  (SurginetR) .  The 
silicone  gel  sheeting  remains  in  contact  with  the  graft  for  a  total 
of  23  h  a  day  and  is  removed  for  30  min  twice  a  day  for  cleaning, 
skin  inspection,  and  hygiene.  Treatment  continues  for  3  weeks. 
Treatment  will  be  discontinued  in  the  event  of  pruritus,  pain, 
maceration,  ulceration,  or  other  tissue  degradation. 
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Patient  Criteria.  Forty-two  patients  will  be  enrolled  in  this 
study.  Properly  signed  and  witnessed  DA  Forms  5303-R,  Volunteer 
Agreement  Affidavit,  are  obtained  from  each  patient  prior  to 
initiation  of  the  study. 

Patient  Inclusion.  Patients  meeting  the  following  criteria 
are  eligible  for  enrollment  in  this  study: 


1.  Male  or  female  patients  >  18  yr  old.  Female  patients 
must  have  been  surgically  sterilized,  be  postmenopausal  (>  45  yr  of 
old  and  lack  of  menstrual  periods  for  >  1  yr) ,  or  have  a  negative 
pregnancy  test  prior  to  initiation  into  the  study. 

2.  Patients  with  burns  >  10%  of  the  total  body  surface 
area  (the  presence  of  an  inhalation  injury  not  being  exclusionary) . 

Patient  Exclusion.  Patients  meeting  the  following  criteria 
are  excluded  from  participation  in  this  study: 


area . 


1 .  Patients 

2.  Patients 

3.  Patients 

4.  Patients 


<  18  yr  old. 

with  burns  <  10%  of  the  total  body  surface 

who  are  pregnant  or  nursing, 
with  toxic  epidermal  necrolysis. 


Description  of  Procedures.  A  test  site  is  selected  from  a 
skin-grafted  area.  The  procedure  begins  when  the  attending 
physician  determines  that  the  skin  graft  is  sufficiently  healed  to 
allow  application  of  the  Silastic™  gel  sheeting.  Prior  to 
application  of  the  sheeting,  the  test  site  is  photographed,  the 
softness  or  pliability  of  the  graft  is  measured  with  a  tonometer, 
and  the  color  and  texture  of  the  graft  is  rated  by  a  panel  of  five 
burn  center  personnel.  Next,  a  4-cm2  piece  of  Silastic™  gel 
sheeting  is  placed  on  one-half  of  the  test  site  and  secured  in 
place  with  surgical  netting.  The  sheeting  is  removed  twice  a  day 
for  cleaning  but  otherwise  remains  in  place  for  3  weeks.  The 
pliability  of  the  test  site  is  measured  once  a  week.  At  the  end  of 
the  3~week  period,  the  test  site  is  again  photographed  and  rated 
for  color  and  texture  by  the  same  panel  of  five  burn  center 
personnel.  The  pliability  of  the  test  site  continues  to  be 
measured  once  a  week  until  the  patient  is  discharged  from  the 
Institute . 


Determination  of  Number  of  Subjects  Required.  A  total  number 
of  42  patients  will  be  required  based  on  an  expected  treatment 
effect  difference  of  25%,  a  5%  type  I  error,  and  a  10%  type  II 
error . 
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Data  Collection.  Initial  data  collected  on  each  patient 
includes  the  patient's  admission  number,  age,  sex,  burn  size,  date 
of  burn,  location  of  target  burn/graft  test  area,  depth  of  burn  at 
target  area,  type  of  excision,  type  of  skin  graft,  and  date  of  skin 
grafting.  The  effect  of  treatment  is  be  assessed  by  pre-  and 
posttreatment  color  (see  Table  1)  and  texture  ratings  (see  Table 
2) .  These  ratings  are  conducted  by  a  panel  of  five  disinterested 
observers.  In  addition,  weekly  measurements  of  scar  pliability  are 
taken  using  a  modified  tonometer  (see  Table  3)  as  described  by 
Esposito  et  al  (8)  .  The  test  sites  and  adjacent  areas  are 
photographed  before  and  after  treatment  for  later  comparison. 
Weekly  measurements  to  assess  the  effect  of  treatment 
discontinuation  continue  until  the  patient's  discharge  from  the 
Institute . 


TABLE  1.  Graft  Color  Difference  Between  Treated  and  Control 
Sites 


Subject _ Pretreatment _ _ _ Posttreatment* 

1 

42 


Rating  Scale: 

Less  Color 
._(Pjler) 

Same 

More  Color 
(Darker) 

1 

2 

3 

4 

5 

*Week  4 

TABLE  2.  Graft  Texture  Difference  Between  Treated  and  Control 
Sites 


Wigct _ Emyeafcmgak _ P9aUie.-atma;iLI 

i 

42 


Rating  Scale: 

Less  Texture 
( Smoother) 

Same 

More  Texture 
(Raiaod/Roucjh) 

1 

2 

3 

4 

S 

1  8  0 


♦Week  4 


TABLE  3.  Weakly  Tonometric  Measurements  (Graft  Pliability) 

Subject  Pre  Tx  1 _ 2 _ 3 _ Post  Tx  4  5  6 

1  XCXCXC  XCXCXC 

42 


X  indicates  treated  site;  C,  control  site. 


Data  Analysis  Plan.  Data  from  treated  and  untreated  3ites  of 
each  patient  will  be  subjected  to  a  one-way,  within  subjects  ANOVA. 
Data  groups  will  be  formed  for  treated  and  untreated  sites  and  will 
undergo  a  one-way,  between  patients  ANOVA. 

RESULTS 

Eloven  patients  have  been  enrolled  in  this  study  to  date,  all 
during  this  reporting  period.  Immediate  visual  smoothening  and 
softening  of  treatment  sites  have  been  noted.  Risks  have  been 
minimal  with  no  resultant  problems. 

DISCUSSION 

When  the  projected  total  of  42  patients  have  completed  the 
study,  the  data  will  be  analyzed  as  to  the  efficacy  of  Silastic™ 
gel  sheeting  in  the  prevention  of  hypertrophic  burn  scar  formation. 

PRESENTATIONS/PUBLICATIONS 

None . 
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Low-dose  dopamine  therapy  is  occasionally  uti  rzed  in  burn 
patients  when  the  fluid  resuscitation  requirements  exceed  the 
predicted  rates  of  infusion;  however,  the  efficacy  of  this  therapy 
in  burn  patients  has  never  been  documented.  It  is  uncertain  if  the 
effects  of  low-dose  dopamine  are  the  same  in  burn  patients  who  havo 
an  associated  hypermetabolic  response  and  elevated  levels  of 
aldosterone  and  antidiuretic  hormone  as  in  nonburned  patients.  The 
purpose  of  this  study  is  to  document  the  effects  of  low-dose 
dopamine  therapy  on  effective  renal  plasma  flow,  glomerular 
filtration  rate,  solute  excretion,  and  free-water  clearance  in  burn 
patients  and  to  compare  those  with  previously  documented  effects 
seen  in  various  other  clinical  situations. 

Six  patients  with  thermal  injury  and  6  control  subjects  were 
enrolled  in  this  study  during  this  reporting  period.  Preliminary 
results  of  this  study  indicate  that  burn  patients  havo 
significantly  higher  glomeruli  filtration  rates,  effective  renal 
plasma  flows,  and  lower  fre^  water  clearance  than  controls, 
findings  which  have  been  previously  documented  in  the  literature, 
As  expected,  low-dose  dopamine  significantly  increased  glomerular 
filtration  rate,  effective  renal  plasma  flow,  sodium  excretion, 
fractional  excretion  of  sodium,  osmolar  clearance,  and  urine  output 
in  the  control  population.  Only  fractional  excretion  of  sodium  and 
cardiac  index  were  significantly  increased  in  all  burn  patients. 
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A  CLINICAL  STUDY  OF  THE  EFFICACY  OF  LOW-DOSE 
DOPAMINE  THERAPY  IN  HOSPITALIZED  BURN  PATIENTS 


Dopamine  (3, 4-dihydroxyphenylethylamine)  is  a  precursor  of 
norepinephrine  and  epinephrine.  It  is  found  in  the  sympathetic 
nerves  and  ganglia,  most  prominently  in  the  brain,  heart,  kidney, 
vasculature,  and  intestines.  Depending  upon  the  dosage  used  and 
thus  the  type  of  receptor  stimulated,  it  has  a  wide  variety  of 
pharmacological  actions.  At  low  doses,  0.5-1  ng/kg/min,  dopamine-1 
(DAI)  receptors  are  primarily  activated.  The  DAI  receptors  are 
located  in  the  renal,  mesenteric,  cerebral,  and  coronary 
vasculature  (1)  .  Their  stimulation  leads  primarily  to 
vasodilation.  Additionally,  stimulation  of  the  DAI  receptors 
located  in  the  renal  juxtaglomerular  apparatus  and  zona  glomerulosa 
leads  to  inhibition  of  sodium  transport  in  the  kidney.  At  slightly 
higher  doses,  2-5  ng/kg/rain,  the  beta-1  receptors  are  also 
activated  (1)  .  This  exerts  a  positive  inotropic  effect  on  the 
myocardium,  with  a  subsequent  increase  in  cardiac  output.  At  doses 
of  approximately  10  ng/kg/min,  alpha-1  and  alpha-2  receptors  in  the 
peripheral  vasculature  are  activated,  leading  to  vasoconstriction 
and  increased  systemic  vascular  resistance  (1) .  The  combined  renal 
and  cardiovascular  effects  of  "low-dose"  dopamine  therapy  (2-5 
jlg/kg/min)  result  in  increased  renal  blood  flow,  with  an  associated 
increased  glomerular  filtration  rate  (GFR) ,  increased  sodium 
excretion,  and  increased  urine  output  (1-4) . 

Dopamine  excretion  has  a  half-life  of  1-2  min  when  administered 
parenterally .  Monoamine  oxidase  rapidly  metabolizes  dopamine  to 
sulfates  and  glucuronides  by  conjugation.  This  rapid  elimination 
necessitates  that  dopamine  be  administered  via  a  continuous 
infusion,  using  a  metered  pump  for  strict  control  of  rate  of  flow. 
In  addition,  the  dose-related  pharmacological  effects  of  dopamine 
occur  gradually  and  the  clinical  response  is  variable  from  patient 
to  patient.  Therefore,  careful  monitoring  of  blood  pressure, 
cardiac  output,  and  urine  flow  is  mandatory  (5) . 

Side  effects  are  rarely  seen  when  low-dose  dopamine  infusion  is 
administered.  The  renal  clearance  of  other  drugs  which  are 
eliminated  primarily  by  glomerular  filtration  is  increased  and 
dosage  adjustment  may  be  required.  The  clearance  of  those  drugs 
eliminated  by  hepatic  degradation  is  likewise  augmented  secondary 
to  mesenteric  vasodilation  and  increased  hepatic  flow.  Therefore, 
drugs  eliminated  by  this  route  must  also  be  closely  monitored. 
Extravasation  of  dopamine  into  the  subcutaneous  tissue  can  lead  to 
an  intense  local  vasoconstriction  and  subsequent  necrosis. 
Therefore,  dopamine  should  be  administered  via  a  large  central 
vein.  Phosphate  levels  must  also  be  monitored  due  to  increased 
urinary  excretion.  Hypoxemia  must  be  avoided,  since  dopamine 
suppresses  the  ventilatory  response  to  low  oxygen  tension  at  the 
carotid  body.  At  higher  doses,  dopamine  can  cause  tachycardia. 
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arrhythmias,  and  ischemia.  As  a  result,  continuous  cardiac 
monitoring  is  mandatory  (1,5). 

Dopamine' s  effect  on  renal  perfusion  and  urine  flow  has  been 
documented  in  a  wide  variety  of  clinical  situations  (3,6-9) .  Using 
radiolabeled  tracers,  it  has  been  shown  to  increase  both  effective 
renal  plasma  flow  (ERPF)  and  GFR  with  a  resultant  increase  in  urine 
output  (1,2)  .  These  effects  have  been  attributed  to  both  the  renal 
vasodilation  and  increased  cardiac  output  observed  with  "low-dose" 
dopamine  therapy. 

Low-dose  dopamine  therapy  is  also  occasionally  utilized  in  burn 
patients  when  the  fluid  resuscitation  requirements  exceed  the 
predicted  rates;  however,  the  efficacy  of  this  therapy  in  burn 
patients  has  never  been  documented.  It  is  uncertain  whether  the 
effects  of  low-dose  dopamine  are  the  same  in  burn  patients  with 
associated  hypermetabolic  response  and  elevated  levels  of 
aldosterone  and  antidiuretic  hormone  as  in  nonburned  patients.  The 
purpose  of  this  study  is  to  document  the  effect  of  low— dose 
dopamine  therapy  on  the  ERPF,  GFR,  solute  excretion,  and  free-water 
clearance  in  burn  patients  and  to  compare  these  with  previously 
documented  effects  seen  in  various  other  clinical  situations 
(2,3,  6-9)  . 


MATERIALS  AND  METHODS 

Study  Design.  This  protocol  will  study  20  consecutive  burn 
patients  with  burns  >  30%  of  the  total  body  surface  area  and  10 
normal  volunteers.  ERPF  and  GFR  of  each  patient  will  be  measured 
utilizing  radiolabeled  tracers,  both  before  and  during  a  continuous 
intravenous  dopamine  infusion  between  1  and  30  days  after  injury. 

The  radiopharmaceuticals  to  be  administered  in  this  study 
include  "mTc-diethylenetriarnine  penta-acetic  acid  (Tc-DTPA)  and 
13^I-hippuran  (I-HIP) ,  used  to  measure  GFR  and  ERPF,  respectively. 
These  radiopharmaceuticals  will  be  administered  in  a  loading  dose  i 
and  continuous  infusion,  delivering  minimal  radiation  exposure 
(less  than  a  standard  chest  roentgenogram)  and  allowing  for  precise 
quantitation  by  gamma  counting.  The  dose  of  Tc-DTPA  and  I-HIP  will 
not  exceed  4  mCi  and  0.35  mCi,  respectively.  Clearance  will  be  j 
calculated  by  measurement  of  both  plasma  and  urine  levels  of  each 
radiopharmaceutical . 

The  patients  will  receive  a  priming  bolus  injection  and 
sustaining  infusion  of  each  radiopharmaceutical  which  will  be  ' 
estimated  based  upon  body  size  and  renal  function.  The  loading 
dose  will  be  estimated  to  yield  (after  distribution)  plasma  levels 
of  <  40,000  cpm/min/ml  for  the  Tc-DPTA  and  <  1,000  cpm/min/ml  for 
the  I-HIP.  The  patient  will  then  be  begun  on  a  continuous  infusion 
of  the  two  compounds  to  sustain  these  serum  levels.  After  a  1— h 
equilibration  period  (during  which  distribution  and  adjustment  in 
serum  tracer  levels  are  expected  occur) ,  the  infusion  will  then  be 
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continued  for  an  8-h  study  period  (T=0-8  h)  .  Blood  will  be 
collected  from  another  site  every  15  min  for  the  first  hour  (T=0-1 
h) ,  then  every  30  min  during  the  remaining  7  h.  The  plasma  will  be 
separated  and  a  measured  volume  will  be  counted  in  a  well-type 
gamma  counter  for  Tc-DTPA  and  I-HIP  simultaneously  within  a  few 
hours  of  collection.  Timed  urine  samples,  1  h  each,  will  be 
collected  for  8  h.  Aliquots  of  the  urine  samples  will  be  counted 
for  radioactivity  in  volumes  and  tubes  equivalent  to  those  used  for 
plasma.  Diluted  proportions  of  the  injectace  will  be  counted  to 
determine  the  dose  actually  given  and  to  permit  correction  of 
spillover  of  counts  for  the  1JiI  channel  into  the  ' ymTc  channel  of 
the  detector.  A  special  computer  program  has  been  written  to 
correct  for  physical  decay.  From  blood  and  urine  samples,  we  will 
determine  GFR,  ERPF ,  clearances  of  Na+,  total  osmolytes,  H20,  and 
creatinine,  and  changes  in  serum  thyrotropin  (TSH)  and  plasma 
dopamine . 

Description  of  Procedures.  Treatment  should  not  exceed  11  days 
for  burn  patients  and  3  days  for  control  subjects  for  the  purpose 
of  this  study,  including  clinical  observations  after  the  infusion 
of  renal  function  tracers  and  dopamine. 

Burn  Patient  Inclusion.  Individuals  meeting  the  following 
criteria  will  be  eligible  for  enrollment  in  the  study.  Properly 
witnessed  DA  Forms  5303-R,  Volunteer  Agreement  Affidavits,  will  be 
obtained  from  each  patient,  or  their  legal  guardian,  before 
beginning  the  study. 

1.  Male  or  female  patients  >  18  yr  old.  Female  patients 
must  have  been  surgically  sterilized,  be  postmenopausal  (>  45  yr 
and  lack  of  menstrual  periods  for  at  least  1  yr)  ,  or  have  a 
negative  pregnancy  test  before  initiation  into  the  study. 

2.  Patients  admitted  to  the  US  Army  Institute  of  Surgical 
Research  within  72  h  postburn. 

3.  Patients  with  burns  >  30%  of  the  total  body  surface 

area . 


Burn  Patient  Exclusion.  Patients  meeting  any  of  the 
following  criteria  are  excluded  from  participation  in  this  study: 

1.  Patients  <  18  yr  old. 

2.  Patients  not  admitted  to  the  US  Army  Institute  of 
Surgical  Research  within  72  h  postburn. 

3.  Patients  with  burns  <  30%  of  the  total  body  surface 

area . 

4.  Patients  who  are  pregnant  or  nursing. 
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5.  Patients  with  evidence  of  tachyarrhythmias, 
ventricular  fibrillation,  or  evidence  of  cardiac  ischemia  on 
admission  EKG. 

6.  Patients  with  uncorrected  hypoxemia, 

7.  Patients  with  uncorrected  hypovolemia  as  assessed  by 
clinical  and  Swan-Ganz  indices, 

8.  Patients  with  preexisting  renal  disease  or  a 

creatinine  level  >  2. 

9.  Patients  being  treated  with  a  monoamine  oxidase 
inhibitor  before  injury. 

10.  Patients  with  known  dopamine  or  sulfite  allergy  or 
sensitivity . 

11.  Patients  with  known  pheochromocytomas . 

12.  Patients  with  occlusive  vascular  disease,  J.e., 

Raynaud's  disease,  diabetic  endarteritis,  and  buerger's  disease. 

Control  Subject  Inclusion.  Control  subjects  meeting  all  of 
the  following  criteria  are  eligible  for  enrollment  in  this  study. 
Properly  signed  and  witnessed  DA  Forma  S3Q3-R,  Volunteer  Agrearnenf 
Affidavit,  are  obtained  from  each  subject  before  beginning  the 
study . 

1.  Male  or  fomale  volunteers  £  18  yt  old.  Female  patients 
must  have  been  surgically  sterilized,  be  postmenopausal  (>  4!/  yi 
and  lack  of  menstrual  periods  for  at  least.  1  yr),  or  have  « 
negative  pregnancy  toot  before  initiation  into  the  utudy. 

2.  Volunteers  with  no  chronic  meulcal  problems  and  not. 
currently  ori  any  medications. 

3.  Volunteers  obtained  from  the  US  Army  Medical  Reseat ch 
Institute  of  Infectious  Diseases  (Fort  Detrick,  Frederick,  Mb) . 

Control  Subject  Exclusion.  Control  subjects  meeting  any  of 
the  following  criteria  are  excluded  from  participation  in  this 
3tudy : 

1.  Subjects  <  18  yr  old. 

2.  Subjects  who  ate  pregnant  or  nursing. 

3.  Subjects  with  evi donee  of  tachyai r hyt hml an,  ventricular 
fibrillation,  or  evidonco  of  cardiac  ischemia  on  KKG. 


4.  Subjects  with  preexisting  renal  disease  or  a  creatinine 
level  >  2. 

5.  Subject*  being  treated  with  a  monoamine  oxidase 
inhibitor . 

6.  Subjects  with  known  dopamine  or  aulfite  allergy  or 
sensitivity. 

7.  Subjects  with  known  pheochromocytomas . 

8.  Subjects  with  occlusive  vascular  disoase,  i.e., 
Raynaud's  disease,  diabetic  endarteritis,  arid  Buerger's  disease. 

Prooedutes  Before  Study 

1 .  Medical  history . 

k,  Physical  examination. 

3.  fcCG. 

4,  Ailurial  blood  gases  (as  part  of  routine  caro,  only  in 
burn  patients)  . 

it,  Laboratory  profiles  to  include  standard  chemistries 
(phosphate  included),  hematology,  and  urine  «n«lyei«. 

0,  A  central  vonoua  cordis  catheter  will  bo  placed  in 
burn  patients  only,  with  pulmonary  artery  cethetor  advanced  to 
measure  cardiac  output,  central  venous  pressure,  and  pulmonary 
capillary  wedge  pressure,  Control  subjects  will  have  a  largo  boro 
peripheral  intravenous  catheter  placed, 

V ,  a  Foley  catheter  will  be  placed  in  each  burn  patient 
and  hourly  urine  output  before  treatment  will  bo  recorded.  Control 
subjects  will  stand  to  void  and  no  catheter  will  bo  placed. 

0.  Thu  burn  patient's  oi.U  control  subject's  weight  in 
kilograms  will  be  obtained  upon  admission. 

9  A  second  intravenous  catheter  will  be  placed,  at  a 
ait  «  distant,  from  the  central  venous  cordis  catheter,  with  o  3-way 
stopcock  in  place  for  blood  withdrawal. 

10,  The  pat  lint  will  be  given  an  infusion  (2  ml/kg/h  D5W 
plus  part  of  l  )m  previous  ongoing  fluid  therapy)  in  order  to 
produce  a  urinu  f , oc  of  2  ml /nun.  The  added  infusion  volume  will 
Include  t  lie  amount  of  fluid  (ah  DL»W)  that  later  (beginning  at  T*»4 
h)  will  cruel  a  i  n  the  dopamine, 
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11.  A  2  ml/min  urine  flow  will  be  established  prior  to 
time  0,  at  which  time  the  bladder  will  be  flushed  with  100  ml  of 
air.  This  air  flush  technique  will  be  used  to  end  all  urine 
collections.  Control  subjects  will  stand  to  void  and  will  not  have 
a  urinary  catheter  nor  undergo  bladder  air  flush. 

12.  The  urine  produced  during  each  hour  of  the  8-h  study 
will  be  collected  for  electrolyte  and  osmolality  determinations  and 
a  plasma  sample,  collected  from  the  midpoint,  will  likewise  be 
analyzed  for  electrolyte  and  osmolality  determinations. 

13.  One  hour  prior  to  time  0,  the  priming  bolus  of  the 
Tc-DPTA  and  I-HIP  will  be  injected  into  the  infusion  port  of  the 
central  venous  cordis  catheter  in  burn  patients  and  the  catheter 
flushed  with  5  ml  of  saline  (T=0) .  Control  subjects  will  have  the 
same  dosages  injected  into  the  large  peripheral  intravenous 
catheter.  The  constant  infusion  of  the  Tc-DPTA  and  I-HIP  will  then 
begin . 


14.  Beginning  at  time  0,  2  ml  of  blood  will  be  collected 
in  heparinized  tubes  at  15-min  intervals  for  1  h,  then  every  30  min 
for  7  h  and  placed  on  wet  ice  for  gamma  counting  of  plasma  later  in 
a  well-type  gamma  counter.  At  the  midpoint  of  each  hour,  a  3-ml 
blood  sample  will  be  taken  for  determination  of  serum  electrolytes, 
creatinine,  and  osmolality.  At  time  0  and  at  each  hour  up  to  8  h, 
a  6-ml  blood  sample  will  be  taken  for  determination  of  serum  TSH, 
a  marker  of  dopamine  effect,  and  plasma  dopamine. 

Dosage  and  Administration.  At  T^240  min,  dopamine  will  be 
administered  at  a  rate  of  3  (ig/kg/min  by  continuous  intravenous 
infusion.  It  will  be  infused  through  a  central  venous  catheter, 
placed  in  one  of  the  patient's  central  veins  (femoral,  subclavian, 
or  internal  jugular) .  The  rate  of  infusion  will  be  controlled  by 
the  use  of  a  metered  infusion  pump.  The  weight  used  to  calculate 
the  dosage  will  be  the  patient's  preburn  weight.  Control  subjects 
will  be  weighed  immediately  prior  to  participating  in  the  study. 
The  infusion  volume  of  dopamine  (in  D5W)  will  replace  a  portion  of 
the  infusion  rate  of  D5W  that  has  been  ongoing. 

Procedures  During  the  Study 

1.  Continuous  blood  pressure  monitoring  will  l  performed. 

2.  Continuous  cardiac  monitoring  will  be  performed  using 
telemetry . 

3.  Urine  will  be  collected  and  the  volume  recorded  each 
hour,  using  the  bladder  air  flush  technique  previously  described. 
Control  subjects  will  stand  to  void. 
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4.  Cardiac  output,  central  venous  pressure,  and  pulmonary 
capillary  wedge  pressure  will  be  measured  and  recorded  each  hour  in 
the  burn  patients. 

5.  Continuous  pulse  oximetry  will  be  performed. 

6.  Dopamine  infusion  will  be  continued  for  4  h  (time  4-8 
h)  ,  so  that  GFR,  ERPF,  all  clearances,  serum  TSH,  plasma  dopamine, 
and  hemodynamic  parameters  over  the  4-h  interval  of  dopamine 
infusion  can  be  compared  with  those  taken  in  the  preceding  2  h 
without  dopamine  infusion.  A  preinfusion  period  of  4  h  is 
necessary  because  of  hourly  variation  in  urine  residual  volume 
(even  with  a  urinary  catheter) . 

7.  The  dopamine  infusion  will  be  discontinued  at  T=480 

min . 


Procedures  After  the  Study 

1.  Continuous  blood  pressure  monitoring  will  be  continued 
for  24  h  poststudy. 

2.  Continuous  cardiac  telemetry  will  be  continued  for  24 
h  poststudy. 

3.  Hourly  urine  outputs  will  be  recorded  for  24  h 
poststudy . 

4.  Cardiac  output,  central  venous  pressure,  and  pulmonary 
capillary  wedge  pressure  will  be  measured  and  recorded  each  hour 
for  4  h  poststudy. 

5.  A  laboratory  profile,  including  standard  chemistry  and 
phosphate  level  will  be  obtained  immediately,  poststudy  and  the 
following  morning. 

6.  The  clinical  effectiveness  of  dopamine  infusion  will  be 
evaluated  using  a  standard  statistical  comparison  of  ERPF  and  GFR 
and  other  measurements  pretreatment  and  during  treatment  in  both 
burn  patients  and  normal  control  groups. 

Determination  of  Number  of  Subjects  Required.  This  study  was 
designed  as  a  pilot  study  and  there  were  no  previous  studies  of  its 
kind  for  reference.  It  was  felt  that  20  consecutive  burn  patients 
and  10  normal  volunteers  would  provide  an  adequate  number  of 
subjects  to  assess  the  clinical  effects  of  low-dose  dopamine 
therapy  in  burn  patients  and  provide  some  estimate  of  variation  in 
measured  variables  with  burn  size  and  time  postburn. 

Data  Analysis  Plan.  The  results  of  this  study  will  be 
evaluated  using  data  tables  prepared  to  compare  both  burn 
population  and  control  population  in  terms  of  ERPF,  GFR,  sodium  and 
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potassium  osmolar  excretion,  serum  and  plasma  variables,  free  water 
clearance,  and  cardiac  output.  ANOVA  will  include  hour  of 
infusion,  burn  size,  age,  and  postburn  day  as  main  sources  of 
variation  for  measured  variables. 

RESULTS 

Six  patients  with  thermal  injury  and  6  control  subjects  were 
enrolled  in  the  study  during  this  reporting  period.  The  mean  age 
of  burn  patients  and  control  subjects  was  28.6  ±  3.9  and  20.2  ± 
0.49  yr,  respectively.  The  mean  total  body  surface  area  burn  size 
of  the  burn  patients  was  49.2  ±  9.7%.  One  patient  became  overtly 
septic  on  the  day  of  study  and  thus  was  excluded  from  further 
analyses,  leaving  5  burn  patients  and  6  control  subjects  for 
analyses.  Intravenous  fluid  administration  was  tailored  in  the 
patients  to  yield  a  urine  output  of  approximately  2  ml/kg/h, 
resulting  in  a  mean  fluid  administration  rate  of  310  ml/h.  Control 
subjects  received  a  mean  240  ml/h  with  a  urine  output  that  did  not 
differ  significantly  from  the  burn  patients.  The  baseline  renal 
function  before  dopamine  infusion  for  both  groups  i3  depicted  in 
Table  1.  Burn  patients  had  significantly  higher  GE'R  and  ERPF  renal 
plasma  flows  and  lower  free  water  clearances  than  the  control 
population . 

Figure  1  contains  the  urine  output  data  for  each  individual 
before  and  after  dopamine  infusion.  The  administration  of  dopamine 
resulted  in  a  significant  increase  in  urine  output  in  the  control 
population.  Although  all  burn  patients  experienced  an  increaso  in 
urine  output,  the  difference  was  not  statistically  different  using 
a  paired  t  test. 

The  effect  of  dopamine  on  GE'R  is  depicted  in  Figure  2.  All 
control  subjects  experienced  a  small  but  significant  increase  in 
the  GFR  with  the  administration  of  dopamine,  Four  of  the  5  burn 
patients  had  an  increase  in  GFR,  although  1  patient  had  a 
significant  decrease  in  GFR  after  dopamine  infusion. 

The  effect  of  dopamine  therapy  on  renal  p.laama  flow  is  depicted 
in  Figure  3.  All  control  subjects  demonstrated  a  marked  and 
significant  increase  in  renal  plasma  flow.  Four  of  the  5  burn 
patients  also  demonstrated  a  marked  increase  in  renal  plasma  flow, 
one  patient,  who  had  a  basoline  renal  plasma  flow  >  900 
ml/min/1.73  m2,  had  no  appreciable  change  in  renal  plasma  flow 
after  the  administration  of  dopamine. 

To  define  whether  the  alterations  in  renal  plasma  flow  in  the 
patient  population  were  secondary  to  the  inotropic  effect  of 
low-dose  dopamine,  cardiac  index  was  measured  in  the  patient 
population.  E’igure  4  depicts  the  change  of  cardiac  output  foi 
patients  before  and  after  the  administration  of  3  /ig/kg/min  of 
dopamine.  All  patients  demonstrated  a  significant  increase  in 
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FIGURE  1.  Urine  output  (ml/h/1.73  m2 )  for  controls  and  patients  before  and  durinq 
dopamine  infusion.  A  paired  t  test  was  used  to  compare  predopamine  values 
with  dopamine  infusion  values  in  each  group. 
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FIGURE  3.  Renal  plasma  flow  (%)  before  and  during  dopamine  infusion.  All  controls 
demonstrated  a  significant  increase  in  renal  plasma  flow  with  dopamine. 
Four  of  five  patients  had  an  increase,  while  one  patient  had  a  small  decline 
in  effective  renal  plasma  flow  during  dopamine  infusion. 


cardiac  index  after  dopamine  infusion.  To  define  whether  or  not 
the  increase  in  renal  plasma  flow  seen  in  4  of  5  burn  patients  was 
secondary  to  the  increase  in  cardiac  output  or  to  selective  renal 
arterial  vasodilatation,  the  renal  plasma  flow  was  indexed  to 
cardiac  index.  Figure  5  shows  that  the  percent  of  cardiac  output 
represented  by  renal  plasma  flow  was  not  different  before  and  after 
the  administration  of  low-dose  dopamine,  indicating  that  the 
increase  in  renal  plasma  flow  was  secondary  to  increase  in  cardiac 
output . 

To  investigate  the  effect  of  low-dose  dopamine  therapy  on 
sodium  homeostasis,  sodium  excretion  and  fractional  excretion  of 
sodium  were  measured  (figs  6  and  7)  .  Fractional  excretion  of 
sodium  and  sodium  excretion  were  significantly  increased  in  the 
control  population  by  dopamine  therapy.  These  two  indices  were 
also  increased  in  4  of  5  patients.  The  nonresponder  was  an 
individual  with  an  88%  total  body  surface  area  burn  size  whose 
urine  sodium  was  2  mEq/1  before  and  after  dopamine  infusion. 

Figure  8  represents  the  effects  of  low-dose  dopamine  therapy  on 
free  water  clearance  in  both  study  populations.  Dopamine  had  no 
effect  on  free  clearance  in  either  population.  Figure  9  depicts 
the  effect  of  dopamine  infusion  on  osmolar  clearance.  Osmolar 
clearance  was  significantly  increased  in  all  control  subjects  and 
was  increased  in  4  of  5  patients  by  dopamine  infusion.  The 
nonresponder  was  an  individual  with  a  30%  total  body  surface  area 
burn  size  who  also  did  not  have  augmentation  of  renal  plasma  flow 
and  glomerular  filtration  rate  after  dopamine  infusion. 

DISCUSSION 

Preliminary  results  of  this  study  indicate  that  burn  patients 
have  significantly  higher  GFRs,  ERPFs,  and  lower  free  water 
clearance  than  controls,  findings  which  have  been  previously 
documented  in  the  literature.  As  expected,  low-dose  dopamine 
significantly  increased  GFR,  ERPF,  sodium  excretion,  fractional 
excretion  of  sodium,  osmolar  clearance,  and  urine  output  in  the 
control  population.  Only  fractional  excretion  of  sodium  and 
cardiac  index  were  significantly  increased  in  all  burn  patients. 
Exclusion  of  one  of  the  burn  patients  who  did  not  respond  to  renal 
dose  dopamine  with  an  increase  in  cardiac  output  results  in 
significant  increases  in  renal  plasma  flow,  sodium  excretion, 
osmolar  clearance  and  urine  output  for  the  remaining  patients.  Why 
this  individual  with  a  30%  total  body  surface  area  burn  failed  to 
respond  is  not  clear. 

The  augmentation  of  renal  plasma  flow  in  the  patients  appeared 
to  be  secondary  to  a  significant  cardiac  effect  of  3  Mg/kg/min  of 
dopamine  in  the  burn  patient  population.  In  normals,  this  level  of 
dopamine  infusion  has  previously  been  thought  to  result  in  little 
beta-adrenergic  receptor  stimulation.  It  appears,  from  our 
findings,  that  the  dose-response  curve  for  beta  receptors  has  been 
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FIGURE  5.  Renal  plasma  flow/cardiac  output  (ml/min/1.73  m2)  before  and  during  dopamine 
infusion.  In  one  patient  did  renal  plasma  flow  increase  significantly  in 
proportion  to  the  increase  in  cardiac  output.  In  all  other  patients,  this 
ratio  did  not  change,  indicating  that  the  increase  in  effective  renal  plasma 
flow  was  secondary  to  the  increase  in  cardiac  output. 
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FIGURE  9.  Osmolar  clearance  (osm/min/1 . 73  nr)  before  and  during  dopamine  infusion. 

Osmolar  clearance  increased  significantly  in  all  control  subjects.  Four  of 
five  patients  demonstrated  a  marked  increase  in  osmolar  clearance  with 
dopamine  infusion. 


shifted  to  the  left,  indicating  an  increase  in  sensitivity  to 
dopamine.  More  importantly,  it  appears  that  this  level  of  dopamine 
infusion  had  a  significant  effect  on  the  renal  tubular  handling  of 
sodium  in  both  groups.  This  indicates  that  dopamine  may  play  a 
role  as  a  treatment  modality  to  offload  the  large  sodium  load  which 
is  administered  during  the  acute  resuscitation  cf  thermally  injured 
patients.  Completion  of  the  full  cohort  of  patients  will  be 
necessary  to  define  in  which  patients  this  therapy  may  be  of 
benefit . 

PRESENTATIONS /PUBLICATIONS 

Graves  TA,  Cioffi  WG,  and  Vaughan  GM:  The  effect  of  low-dose 
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Reed  Army  Medical  Center  Surgical  Research  Conference,  Washington, 
DC,  16  October  1991. 
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23/24  .  <U)  The  objectives  of  this  work  era  to  determine  if  there  :•  a 
significant  difference  in  survive!  curves  for  patency  of  arterial  pressure 
monitoring  llnee  maintainad  with  heparinized  or  nonhepennized  flush 
solutions  aa  maaaurad  by  accaptabla  aquara  wavarorm  teat  and  fraa  bsckflow  of 
blood  avary  4  h  aftar  lnaartlon  of  the  lina  until  the  llna  la  removed  and  to 
determine  the  relationship  of  potentially  confounding  veriablea  auch  ea  aite 
of  inaartlon,  length  of  catheter,  and  gauge  of  catheter  to  aurvival  curvaa  of 
arterial  preaaure  monitoring  Unaa  maintainad  with  heparinized  and 
nonhapariniaad  fluan  aolutiona.  The  length  of  time  the  artanal  lina  remaj.na 
patent  aftar  inaartlon  will  ba  compared  uamg  aurvival  analyale  technique*. 
The  time  of  Una  parancy  for  tha  haparlnizad  fluah  aolution  group  will  be 
compared  with  tha  time  of  Una  patency  for  tha  nonhapariniaad  fluah  eolution 
group  uaing  appropriate  loq  rank  teate  on  product  limit  eurvival  aatimataa. 
If  groups  differ  significantly,  hazard  ragtaaslon  analysis  uaing  proportional 
hazard  models  will  ba  ueed  to  determine  significance.  Stratified  analyses 
will  ba  used  to  control  for  tha  affects  of  cover lates . 


23.  (U)  9105  -  9109.  This  study  was  approved  by  tha  USAISR  Research  Council 
and  tha  Uli  Army  Institute  of  Surgical  Research  Human  Use  Committee  during  the 
third  quarter  of  flacal  year  1991.  Equipment  end  supplies  havo  bean  ordered 
and  work  will  ba  initiated  shortly. 
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23/24,  (U)  The  objectives  of  this  work  art  to  determine  if  there  is  a 
significant  difference  in  survival  curves  for  patency  of  arterial  pressure 
monitoring  linea  maintained  with  heparinized  or  r.onheparim  zed  flusn 
eolutiona  aa  measured  by  acceptable  square  waveform  test  and  free  backflow  of 
blood  every  4  h  after  Insertion  of  the  line  until  the  line  is  removed  and  to 
determine  the  relationship  of  potentially  confounding  variables  such  as  site 
of  insertion,  length  of  catheter,  and  gauge  of  catheter  to  survival  curves  of 
arterial  pressure  monitoring  lines  maintained  with  heparinized  and 
nonheperinized  flush  solutions.  The  length  of  time  the  arterial  line  remains 
patent  after  insertion  will  be  compared  using  survival  analysis  techniques. 
The  time  of  line  patency  for  the  heparinized  flush  solution  group  will  be 
compared  with  the  time  of  line  patency  for  the  nonheparinized  flush  solution 
group  using  appropriate  log  rank  tests  on  product  limit  survival  estimates. 
If  groups  differ  significantly,  hazard  regression  analysis  using  proportional 
hazard  models  will  be  used  to  determine  significance.  Stratified  analyses 
will  be  used  to  control  for  the  effects  of  covariates. 

25.  (U)  9105  -  9109.  This  3tudy  was  approved  by  the  USAISR  Research  Council 
and  the  US  Army  Institute  of  Surgical  Research  Human  Use  Committee  during  the 
third  quarter  of  fiscal  year  1991.  Six  patients  were  enrolled  in  the  study 
during  this  reporting  period.  Upon  completion  of  enrollment,  data  will  be 
analyzed  aa  indicated. 
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Arterial  cannulation  presents  risk  of  thrombus  formation  which 
practitioners  have  attempted  to  reduce  with  the  addition  of  heparin 
to  the  arterial  flush  solutions.  However,  addition  of  heparin  may 
contribute  to  the  development  of  thrombi  in  some  individuals. 
Research  suggests  that  nonheparinized  solutions  are  as  effective  as 
heparinized  solutions  in  maintaining  patency  in  peripheral  access 
devices  while  eliminating  the  risks  of  heparin  administration. 
Preliminary  studies  in  other  areas,  including  arterial  pressure 
lines,  suggest  that  a  randomized  trial  of  heparinized  and 
nonheparinized  flush  solutions  in  a  large  sample  is  warranted. 

Currently,  the  arterial  line  protocol  at  this  Institute 
dictates  the  use  of  1:1  solution  of  heparin  and  0.9%  sodium 
chloride  as  a  means  of  maintaining  arterial  line  patency.  If  a 
nonheparinized  solution  of  0.9%  sodium  chloride  is  proven  equally 
effective  in  maintaining  arterial  line  patency  in  the  burn 
population,  the  protocol  may  be  changed,  thus  eliminating  the  risks 
of  heparin  administration. 

Six  patients  have  been  enrolled  in  this  study  to  date.  There 
have  been  no  complications  associated  with  the  patency  of  arterial 
lines  in  these  patients.  The  small  number  of  patients  limits  the 
validity  of  statistical  manipulation  of  the  data  at  this  point. 
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A  STUDY  TO  EVALUATE  THE  EFFECTS  OF  HEPARINIZED  VERSUS 
NONHEPARINIZED  FLUSH  SOLUTIONS  ON  THE  PATENCY 
OF  ARTERIAL  PRESSURE  MONITORING  LINES 


Recommendations  to  nurses  regarding  the  maintenance  of  arterial 
lines  from  1971  to  the  present  have  included  use  of  heparinized 
flush  solutions  (1-5) .  Institutional  standards  of  practice  reflect 
the  recommendations.  In  a  recent  survey  conducted  by  the  American 
Association  of  Critical  Care  Nurses  (AACN) ,  96%  of  the  1,072 
randomly  selected  critical  care  nurses  responding  indicated  flush 
solutions  used  for  arterial  lines  in  their  institution  were 
routinely  heparinized  (6) . 

Heparin  use,  however,  is  not  without  risk.  In  those 
individuals  who  are  immunologically  sensitive,  heparin-induced 
thrombocytopenia  (HITP)  can  lead  to  life-threatening  thromboembolic 
events  (7-12).  In  reviewing  the  literature  on  600  reported  cases 
of  HITP,  Becker  and  Miller  (13)  found  that  50%  of  the  cases 
involved  thromboembolic  events.  Prospectively,  they  estimate  that 
10%  of  individuals  receiving  heparin  will  develop  HITP  and  10%  of 
those  will  have  thromboembolic  events,  or  i-2%  of  those  receiving 
heparin.  Warkentin  and  Kelton  (10)  estimate  the  incidence  of  HITP 
to  be  5%  in  their  review;  Scott  (14)  states  the  incidence  of  HITP 
ranges  between  3%  and  7%. 

Mortality  rates  associated  with  thromboembolic  events  have  been 
reported  in  several  retrospective  reviews  of  patients  with  HITP . 
In  many  instances,  low-dose  heparin  in  amounts  used  to  flush 
solutions  or  heparin-bonded  catheters  is  implicated  (15-19) .  Chang 
(20)  reviewed  23  cases  with  a  diagnosis  of  white  clot  syndrome  with 
HITP  and  found  a  mortality  rate  of  40%.  Of  the  23  patients,  8 
received  low  doses  of  heparin  of  <  15,000  U  total.  A  review  of 
patients  who  developed  HITP  after  receiving  heparin  in  support  of 
cardiac  surgery  (12  patients),  in  support  of  arterial 
reconstructive  surgery  (3  patients) ,  or  for  prevention  of  embolism 
(6  patients)  showed  mortality  rates  from  HITP  ranging  from  25%  to 
40%  depending  on  the  reason  for  heparin  administration  (21).  In  a 
study  of  16  patients  with  thrombocytopenia  or  new  thrombotic 
complication  during  heparin  administration,  the  mortality  rate  was 
reported  to  be  18.8%  (17).  Two  patients  in  the  group  received 
heparin  from  heparin  flushes  only.  Another  review  of  169  patients 
with  HITP  completed  over  a  3-yr  period  showed  that  91  of  the 
patients  (54%)  had  received  low-dose  heparin;  the  mortality  rate 
was  12 . 4%  (18) . 

Most  of  the  studies  comparing  the  effects  of  heparinized  and 
nonhepar ini  zed  solutions  on  maintaining  patency  of  catheters  have 
been  completed  in  populations  requiring  intravenous  peripheral 
access  devices.  The  following  double-blind  studies  all  evaluated 
the  effects  of  heparinized  and  nonheparinizing  0.9%  sodium  chloride 
solutions  on  patency  and  other  selected  variables.  A  study  of  412 
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patients  over  1,448  patient  days  of  "heparin-lock"  therapy 
evaluated  site  loss  due  to  loss  of  patency,  phlebitis,  or 
infiltration  (22) .  No  significant  differences  occurred  among  the 
groups  on  any  of  the  outcome  variables.  Hamilton  et  al  (23) 
studied  160  patients  over  307  observations.  They  found  no 
differences  in  catheter  patency  or  phlebitis  incidence.  In  a  third 
study  of  147  patients,  the  authors  concluded  that  nonheparinized 
saline  was  as  effective  as  heparinized  saline  in  terms  of  phlebitis 
incidence  and  patency  loss;  they  do  report  an  absolute  los.,  of  site 
at  61%  in  nonheparinized  solution  group  and  53%  in  the  heparinized 
solution  group  (24)  .  A  recent  report  of  a  study  of  32  patients 
also  indicates  that  sodium  chloride  alone  is  as  effective  as 
heparinized  sodium  chloride  in  maintaining  patency  of  peripheral 
access  devices  and  preventing  phlebitis  (25) . 

Results  from  other  reports  comparing  or  discussing  heparinized 
and  nonheparinized  flush  solutions  for  peripheral  access  devices 
vary.  Most  authors  report  no  difference  in  outcome  variables  of 
patency,  phlebitis,  and/or  infiltrations  in  heparinized  and 
nonheparinized  lines  (26-29) .  One  study  reports  better  results 
with  heparinized  solutions  (30)  .  Recently,  a  meta-analysis  of  20 
published  and  unpublished  studies  identified  no  significant 
different  between  heparin  flushes  and  saline  flushes  in  peripheral 
access  devices  based  on  low  average  effect  size  (0.076  ±  0.14)  and 
the  qualitative  data  from  the  studies  (unpublished  data) . 

Only  one  study  comparing  vhe  effects  of  heparinized  and 
nonheparinized  flush  solutions  on  the  patency  of  arterial  lines  has 
been  reported.  In  the  study,  heparinized  and  nonheparinized 
lactated  Ringer's  solutions  were  compared  in  a  group  of  50 
cardiovascular  surgery  patients  (31) .  No  significant  differences 
were  found  between  the  groups  in  patency  variables,  although  the 
authors  reported  anecdotally  more  frequent  dampening  of  waveforms 
and  three  incidences  of  clot  formation  in  the  nonheparin  group. 

As  reported  in  the  AACN  Survey  of  Current  Practice  concerning 
flush  solutions  for  maintenance  of  arterial  pressure  monitoring 
lines,  96%  of  the  respondents  indicated  that  heparinized  flush 
solutions  were  used  at  their  institutions.  However,  4%  of  the 
respondents  indicated  that  use  of  nonheparinized  flush  solutions 
was  standard  protocol  at  their  institutions  (6)  .  Normal  saline 
without  heparin  was  used  as  the  continuous  flush  solution  in  an 
early  single-site  evaluation  of  clinical  issues  arising  from 
intra-arterial  monitoring  in  2,500  intensive  care  unit  patients 
(32)  . 


Problems  of  maintenance  of  patency  have  been  linked  to  catheter 
size,  length,  and  gauge  with  an  inverse  relationship  between  tne 
size  of  the  catheter  and  likelihood  of  loss  of  patency  (33) .  Site 
of  artery  placement  is  also  of  concern.  Kaye  (34)  reports  that  50% 
of  radial  artery  cannulat ions  experience  thrombosis. 
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The  necessity  to  monitor  and  maintain  the  pressure  within  the 
solution  bag  has  been  demonstrated  in  two  reports.  Pressure  within 
the  continuous  arterial  flush  solution  systems  has  been  shown  to 
vary  with  the  quantity  of  solution  in  the  bag  (35)  .  Decreasing 
volume  decreases  pressure,  promoting  inconsistency  in  flow  rate. 
Further,  in  studies  of  the  Pharmaseal™  continuous  flushing  device, 
driving  pressure  made  a  significant  difference  in  flow  while 
arterial  and  venous  pressure  did  not  make  a  significant  difference 
(36)  . 

The  objectives  of  this  study  are  to  determine  if  there  is  a 
significant  difference  in  survival  curves  for  patency  of  arterial 
pressure  monitoring  lines  maintained  with  heparinized  or 
nonheparinized  flush  solutions  as  measured  by  acceptable  square 
waveform  test  and  free  backflow  of  blood  every  4  h  for  72  h  after 
insertion  of  the  line  or  until  the  line  is  removed,  whichever  comes 
first,  and  to  determine  the  relationship  of  potentially  confounding 
variables  such  as  site  of  insertion,  length  of  catheter,  and  gauge 
of  catheter  to  survival  curves  of  arterial  pressure  monitoring 
lines  maintained  with  heparinized  and  nonheparinized  flush 
solutions . 


MATERIALS  AND  METHODS 

Study  Design.  The  effects  of  heparinized  and  nonheparinized 
flush  solutions  on  the  patency  of  arterial  pressure  lines  will  be 
evaluated  using  a  two-group,  randomized  clinical  trial  design. 
Study  design  and  protocols  were  developed  by  the  AACN  Thunder 
Project™  Task  Force  and  pretested  in  a  three-part  pretesting  scheme 
to  assure  safety  of  the  protocol  and  efficiency  in  data  collection. 

Patient  Criteria.  Thirty  patients  will  be  enrolled  in  this 
study.  Properly  signed  and  witnessed  DA  Forms  5303-R,  Volunteer 
Agreement  Affidavit,  is  obtained  from  each  patient  prior  to 
beginning  the  study. 

Patient  Inclusion.  Patients  meeting  all  of  the  following 
criteria  are  eligible  for  enrollment  in  this  study: 

1.  Male  or  female  patients  >  18  yr  old.  Female  patients 
must  have  been  surgically  sterilized,  be  postmenopausal  (>  45  yr 
old  and  lack  of  menstrual  periods  for  >  1  yr) ,  or  have  a  negative 
pregnancy  test  prior  to  initiation  into  the  study. 

2.  Patients  who  require  insertion  of  an  arterial  line  for 
purpose  of  monitoring  arterial  pressure  and/or  drawing  blood. 

Patient  Exclusion.  Patients  meeting  any  of  the  following 
criteria  are  excluded  from  participation  in  this  study: 

1.  Patients  <  18  yr  old. 
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2.  Patients  who  are  pregnant  or  nursing. 

3.  Patients  with  known  sensitivity  to  heparin  or  whose 
physician  has  excluded  heparin  from  the  treatment  plan. 

4.  Patients  with  a  platelet  count  <  100,000. 

5.  Patients  enrolled  in  this  study  at  a  previous  time. 

Determination  of  Number  of  Subjects  Required.  This  protocol 
will  involve  a  study  of  30  patients  with  indwelling  arterial 
catheters  as  part  of  a  multicenter  study. 


Data  Collection.  The  Institute  continues  data  collection  on 
each  subject  until  the  arterial  line  is  discontinued  or  until  the 
subject's  attending  physician  chooses  to  withdraw  the  subject  from 
the  study.  The  following  information  is  recorded: 

1.  Site,  length,  and  gauge  of  the  catheter. 

2.  Nearest  hour  to  the  time  of  catheter  insertion. 


3.  Patency  check  data. 

4 .  Indication  as  to  whether  or  not  the  patient  receives 
heparin  or  thrombolytics  from  sources  other  than  the  arterial  line. 

5.  If  the  line  is  removed  prior  to  72  h,  the  reason  for 

removal . 


Data  Analysis  Plan.  The  null  hypothesis  states  that  there  will 
be  no  significant  difference  in  survival  curves  for  patency  of 
arterial  pressure  monitoring  lines  maintained  with  heparinized  or 
nonheparinized  flush  solutions.  The  length  of  time  the  arterial 
line  remains  patent  after  insertion  as  measured  by  acceptable 
square  waveform  test  and  free  backflow  of  blood  will  be  compared 
using  survival  analysis  techniques.  Time  of  line  patency  for  the 
heparinized  flush  solution  group  will  be  compared  with  time  of  line 
patency  for  the  nonheparinized  flush  solution  group  using 
appropriate  log  rank  tests  on  product  limit  survival  estimates 
(37)  . 


If  groups  differ  significantly,  hazard  regression  analysis 
using  proportional  hazard  models  will  be  used  to  determine 
significance.  Stratified  analyses  will  be  used  to  control  for  the 
effects  of  covariates  such  as  length  of  catheter,  size  of  catheter, 
or  site  of  insertion  if  there  are  significant  differences  in 
survival  rates  based  on  these  covariates  (37)  . 

Data  will  be  analyzed  at  3  months  and  again  at  6  months  to 
determine  the  incidence  rate  of  problems  associated  with 
heparinized  versus  nonheparinized  arterial  line  flush  solutions. 
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RESULTS 


Six  patients  have  been  enrolled  in  this  study  to  date.  There 
have  been  no  complications  associated  with  the  patency  of  arterial 
lines  in  these  patients. 

DISCUSSION 

The  small  number  of  patients  limits  the  validity  of  statistical 
manipuJ ation  of  the  data  at  this  point. 

PRESENTATIONS /PUBLICATIONS 


None . 
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Autograft  skin  is  the  standard  for  permanent  closure  of 
full-thickness  wounds.  Intact  areas  of  the  patient's  skin,  or 
donor  sites,  are  harvested  tangentially  to  yield  split-thickness 
autografts,  comprised  of  the  whole  epidermis  and  part  of  the 
dermis.  The  lower  portion  of  the  dermis  is  left  on  the  donor  site. 
However,  severely  burned  patients  frequently  do  not  have  enough 
intact  donor  sites  to  allow  complete  coverage  of  their  wounds  with 
split-thickness  autografts.  DermaGraft*"  was  developed  to  provide 
a  dermal  replacement.  The  purpose  of  this  study  is  to  assess  the 
short-  and  long-term  usefulness  of  the  DermaGraft™  dermal 
replacement  on  burn  patients. 

This  projoct  was  approved  by  the  USAISR  Research  Council,  the 
US  Army  Institute  of  Surgical  Research  Human  Use  Committee,  and  The 
Surgeon  General's  Research  Review  Board  during  the  third  quarter  of 
fiscal  year  1991.  Supplies  have  been  ordered  and  work  will  be 
initiated  shortly. 
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A  CLINICAL  STUDY  OF  THE  SAFETY  AND  EFFICACY  OF 
DERMAGRAFT™  DERMAL  REPLACEMENT 


Autograft  skin  is  the  standard  for  permanent  closure  of 
full-thickness  wounds.  Intact  areas  of  the  patient's  skin,  or 
donor  sites,  are  harvested  tangentially  to  yield  split-thickness 
autografts,  comprised  of  the  whole  epidermis  and  part  of  the 
dermis.  The  lower  portion  of  the  dermis  is  left  on  the  donor  site. 
It  provides  a  base  for  rapid  reepithelization  and  healing  of  the 
donor  site.  Autografts  are  sutured  onto  excised  wound  beds  where 
they  generally  "take"  rapidly,  vascularizing  and  becoming 
incorporated  into  the  wound. 

Severely  burned  patients  frequently  do  not  have  enough  intact 
donor  sites  to  allow  complete  coverage  of  their  wounds  with 
split-thickness  autografts.  In  such  cases,  some  of  the  wound 
surface  is  covered  with  available  autograft  and  the  rest  with  a 
temporary  biologic  dressing,  usually  cadaver  allograft  skin. 
Allograft  skin  takes  well,  but  is  rejected  within  a  few  weeks. 
Donor  sites  may  be  reharvested  after  they  heal  to  provide 
additional  split-thickness  autograft.  Reharvesting  and  grafting 
may  be  repeated  over  weeks  to  months,  until  all  of  the  wounds  have 
been  permanently  closed  with  split-thickness  autografts.  This 
process  is  lifesaving,  but  entails  multiple  surgical  procedures  and 
prolonged  hospitalization  for  the  patient. 

In  order  to  decrease  the  number  of  donor  site  harvests  and 
grafting  procedures,  available  split-thickness  sheets  can  be 
incised  and  expanded  to  produce  a  lattice,  or  "meshed"  pattern. 
Meshed  split-thickness  grafts  allow  wider  wound  coverage  from  each 
donor  site;  they  have  played  a  key  role  in  allowing  surgeons  to 
cover  large  full-thickness  burn  areas  more  rapidly,  but  only  a 
small  portion  of  the  wound  is  covered  by  dermis  from  the  meshed 
graft.  Dermis,  unlike  epidermis,  does  not  regenerate 
spontaneously;  the  majority  of  the  v/ound  surface  heals  by  migration 
of  epidermal  cells  from  the  meshwork  across  the  interstices  of  the 
graft . 

Cosmetic  and  functional  results  of  meshed  grafts  are  relatively 
poor,  particularly  when  the  ratio  of  interstices  to  tissue  is  3:1 
or  greater.  The  skin  is  thin  and  prone  to  breakdown  in  the  early 
stages.  After  healing,  the  skin  has  decreased  compliance  and  an 
unpleasant  "cobblestone"  appearance.  Often,  there  are  severe 
hypertrophic  scars  and  wound  contraction.  Patients  with  these 
outcomes  may  require  repeated  surgical  revisions  and  extended 
physical  therapy. 

The  poor  quality  of  skin  resulting  from  epitheli zation  over 
meshed  grafts  is  due,  at  least  in  part,  to  the  lack  of  a  dermal 
layer.  Skin  grafts  heal  best  when  a  thick  dermal  layer  is  present, 
as  in  a  thick  split-thickness,  or  a  full-thickness  sheet  graft. 
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But,  if  thick  grafts  are  taken  from  the  donor  sites,  the  donor 
sites  themselves  lack  sufficient  dermis  to  heal  well.  The  patient 
may  therefore  have  additional  scars.  Reharvesting  of  the  donor 
sites  is  also  delayed,  which  can  prolong  hospitalization  until 
sufficient  autograft  skin  can  be  obtained.  In  summary,  meshing  can 
extend  the  immediate  supply  of  split-thickness  autograft  and  reduce 
reharvesting  of  donor  sites  and  hospitalization  time,  but  at  a 
significant  sacrifice  in  the  quality  of  healing. 

Several  groups  have  developed  manufactured  skin  substitutes  to 
try  to  address  the  problems  of  inadequate  supplies  of  autograft 
skin.  Cultured  autologous  keratinocyte  sheets  have  been  used  to 
close  full-thickness  burn  wounds.  Such  sheets  lack  a  dermis  and 
have  been  observed  to  lead  to  extensive  scar  formation  and  skin 
that  is  thin  and  shears  easily. 

Various  biosynthetic,  full-thickness  skin  substitutes  have  been 
studied  in  animal  and  clinical  trials.  All  of  these,  to  date, 
appear  to  have  both  possible  advantages  and  limitations.  None  is 
yet  commercially  available.  A  few  groups  have  employed  cadaver 
dermis  with  overlying  autologous  keratinocytes ,  either  cultured 
into  sheets  or  seeded  from  suction  blisters  of  intact  areas  of  the 
patient's  skin.  Clinical  outcomes  have  been  reported  to  be 
equivalent  to  those  obtained  with  split-thickness  sheet  grafts. 
Allogeneic  dermis  has  been  observed  to  be  less  immunogenic  than 
other  tissues. 

DermaGraft™  (Marrow-Tech  Incorporated,  10933  North  Torrey  Pines 
Road,  La  Jolla,  CA  92037)  was  developed  to  provide  a  dermal 
replacement.  This  device  consists  of  neonatal  dermal  fibroblasts 
which  have  been  cultured  in  vitro  onto  a  biodegradable  mesh  of 
polyglactin  (Vicryl™).  The  mesh  is  hydrolyzed  after  implantation. 
As  the  fibroblasts  proliferate  on  the  mesh,  they  secrete  collagens 
and  create  a  more  natural  dermal  matrix.  Preclinical  trials  in 
rats,  pigs,  and  nude  mice  indicate  that  DermaGraft™  takes  rapidly 
onto  full-thickness  wounds  and  vascularizes  well.  DermaGraft™  will 
support  vascularization  of  overlying  mesh  split-thickness  skin 
grafts  in  these  animal  models. 

The  ability  to  successfully  replace  thermally  injured  dermis 
could  result  in  a  better  functional  result  as  compared  to  standard 
skin  grafting  techniques.  The  purpose  of  this  study  is  to  assess 
the  short-  and  iong-term  usefulness  of  the  DermaGraft™  dermal 
replacement  on  burn  patients . 

MATERIALS  AND  METHODS 

Study  Design.  Thirty  consecutive  patients  meeting  admission 
criteria  will  be  enrolled  in  the  study  as  part  of  a  multicenter 
study.  After  informed  consent  is  obtained,  each  patient's  wounds 
will  be  excised  in  the  operating  room  and  one  treatment  wound  site 
and  one  control  site  will  be  identified. 
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Criteria  for  Admission  to  the  Study.  Patients  admitted  to  the 
US  Army  Institute  of  Surgical  Research  are  offered  the  opportunity 
to  participate  in  this  study.  Properly  signed  and  witnessed  DA 
Forms  5303-R,  Volunteer  Agreement  Affidavit,  are  obtained  prior  to 
initation  of  the  study. 

Patient  Inclusion.  Patients  meeting  the  following  criteria 
will  be  enrolled  in  the  study  upon  giving  written  informed  consent: 

1.  Male  or  female  patients  S  18  yr  of  age.  Female 
patients  must  have  been  surgically  sterilized,  be  postmenopausal 
(>  45  yr  of  age  and  lack  of  menstrual  periods  for  >  1  yr) ,  or  have 
a  negative  pregnancy  test  prior  to  initiation  into  the  study. 

2.  Patients  with  donor  sites  that  have  not  been 
previously  harvested  and  are  sufficiently  large  for  coverage  of 
treatment  and  control  areas. 

3.  Patients  with  full-thickness  wounds  after  excision 
which  are  each  sufficiently  large  to  allow  two  grafts  of  at  least 
4"  X  4"  on  comparable  body  sites  <wounds  may  be  adjacent  to  one 
another) . 


4.  Patients  where  meshed  autograft  is  medically 

indicated  for  treatment  of  wound  sites. 

5.  Patients  whose  wounds  can  be  excised  within  2  weeks 
of  burn  injury. 

6.  Patients  with  burn  sites  to  be  treated  with  meshed 
split-thickness  grafts  located  on  the  anterior  or  lateral  trunk  or 
extremities  or  on  any  aspect  of  the  calves  or  forearms.  Head  and 
neck  are  excluded.  The  back  may  also  be  included. 

7.  Patients  who  will  be  available  for  the  1-yr 

follow-up  period. 

Patient  Exclusion:  Patients  meeting  any  of  the  following 
criteria  will  be  excluded  from  participation  in  the  study: 

1.  Patients  <  18  yr  of  age. 

2.  Patients  who  are  pregnant  or  nursing. 

3.  Patients  with  any  clinically  significant  medical 
condition,  including  endocrine,  renal,  pulmonary,  hematologic, 
neurologic,  immune,  or  infectious  disease,  as  defined  by  the 
primary  investigator. 

4.  Patients  with  a  psychiatric  condition  which 
compromises  the  patient's  ability  to  complete  this  study. 
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5.  Patients  who  have  had  previous  excisional  therapy 
of  the  wounds  considered  for  evaluation. 

6.  Patients  with  an  electrical  burn  or  toxic  epidermal 

necroxysis . 

7.  Patients  using  immunotherapy,  cytotoxic 
chemotherapy,  or  investigational  drugs  within  1  month  preceding 
study  entry  or  anticipated  use  of  any  of  these  therapies  during  the 
course  of  the  study. 

8.  Patients  using  immunosuppressants  within  1  month 
preceding  study  entry  or  anticipated  requirement  for  it  during  the 
course  of  this  study. 

Description  of  Procedures.  Patients  will  undergo  a  baseline 
evaluation  prior  to  beginning  the  study.  The  following  information 
will  be  documented:  history  and  physical  examination,  estimate  of 
burn  size,  blood  and  urine  cultures,  standard  hematologic  studies, 
electrolytes,  liver  function  studies,  and  urinalysis.  Thirty  cubic 
centimeters  of  blood  will  be  archived  for  future  serum  or  WBC 
studies.  A  pregnancy  test  will  be  performed  on  all  child-bearing 
age  women. 

After  full  written  informed  consent  is  obtained,  the  patient 
will  be  scheduled  for  excisional  treatment  within  14  days  postburn. 
After  the  excision  is  complete,  treatment  and  control  sites  will  be 
chosen  using  a  randomization  scheme  provided  by  Marrow-Tech 
Incorporated  (Table  1)  .  Treatment  and  control  sites  will  be  of 
approximately  equal  dimensions  and  anatomically  comparable  as  to 
their  location.  They  may  be  adjacent.  A  biopsy  for  quantitative 
microbial  culture  and  histology  will  be  taken  from  each  excised 
wound  bed  prior  to  application  of  the  graft.  Also,  wound  bed 
photographs  will  be  taken  prior  to  application  of  grafts. 

DermaGraft™  will  then  be  prepared.  It  will  be  supplied  frozen 
in  4"  X  6"  sheets  enclosed  in  a  Teflon  bag  for  transport.  Prior  to 
grafting,  the  sheets  will  be  thawed  (within  2  h  of  application) , 
rinsed,  and  removed  from  the  Teflon™  bags.  The  DermaGraft™  will 
then  be  placed  onto  the  chosen  site.  Split-thickness  autograft 
measuring  between  3  and  12/10Q0s  of  an  inch  meshed  1.5:1  or  greater 
will  then  be  prepared  using  standard  surgical  techniques.  Graft 
will  be  placed  over  the  treatment  and  control  areas  and  secured  and 
dressed  using  standard  surgical  techniques. 

Treatment  and  control  wounds  will  then  be  examined  on 
postoperative  days  5,  7,  and  14  and  at  the  time  of  discharge.  They 
will  be  assessed  for  percent  take,  pigmentation,  vascularity,  and 
pliability.  The  patients  will  be  queried  about  pain  and  itching. 
Photographs  will  be  obtained  on  postoperative  days  5,  7,  and  14  and 
at  the  time  of  discharge.  Four-millimeter  full-thickness  punch 
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TABLE  1.  Randomization  Scheme 
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Ab  indicates  abdomen;  AFA,  anterior  forearm;  AL,  anterior  leg;  Ca 
foot;  PFA,  posterior  forearm;  T,  thigh;  and  UA,  upper  arm. 


biopsies  will  be  taken  from  the  center  of  the  treatment  and  control 
sites  on  postoperative  day  14. 

Determination  of  Number  of  Subjects  Required.  Thirty  patients 
will  be  enrolled  in  the  study  as  part  of  a  multicenter  effort. 

Data  Collection.  Safety  and  efficacy  data  collected  during 
this  study  will  include  percent  of  graft  take,  percent  of 
epithelization,  pigmentation,  vascularity,  pliability,  pain, 
itching,  and  overall  outcome.  All  these  parameters  will  be 
measured  at  multiple  time  periods. 

Data  Analysis  Plan.  Comparisons  of  wound  healing  rates  between 
treatment  and  control  sites  will  be  made  using  Wilcoxon' s  rank  sum 
test  on  both  the  percent  of  graft  take  and  the  percent  of 
epithelialization .  Comparisons  of  pigmentation  between  treatment 
and  control  sites  will  be  made  using  categorical  log-linear  models. 
Pliability,  vascularity,  pain,  itching,  and  overall  outcome  will  be 
measured  on  scales  with  a  natural  ordering.  Comparisons  between 
treatment  and  control  sites  for  these  parameters  will  be  made  using 
categorical  log-linear  models  with  ordinal  (ordered)  responses  (1) . 

Time  comparisons  for  pigmentation,  vascularity,  pliability, 
scar  height,  pain,  itching,  and  overall  outcome  will  also  be  made. 
If  there  are  responses  for  all  these  parameters  at  all  time 
periods,  then  the  repeated  measures  analysis  will  be  incorporated 
into  the  categorical  log-linear  analyses  (2)  .  If  there  are  missing 
data,  then  separate  analyses  will  be  made  for  each  time  period  and 
a  Bonferroni  correction  will  be  applied  to  correct  for  multiple 
testing . 


RESULTS 

This  project  was  approved  by  the  USAISR  Research  Council  and  US 
Army  Institute  of  Surgical  Research  Human  Use  Committee  during  the 
third  quarter  of  fiscal  year  1991.  Supplies  have  been  ordered  and 
work  will  be  initiated  shortly. 

DISCUSSION 

When  the  projected  total  of  30  patients  have  completed  the 
study,  the  data  will  be  analyzed  as  to  the  short-  and  long-term 
usefulness  of  the  DermaGraft™  dermal  replacement  on  burn  patients. 

PRESENTATIONS /PUBLICATIONS 


None  . 
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23/24.  <U)  The  objective  of  this  work  is  to  evaluate  the  effocts  of  weak  DC 
on  th.  healing  of  partial-thickness  skin  graft  donor  sites  in  patients  with 
thermal  injury.  The  study  wj.ll  be  conducted  In  two  phases.  chase  I  will 
directly  compare  the  time  of  reepithelization  between  a  donor  site  treated 
with  DC  applied  through  silver-nylon  dressings  and  a  donor  site  located  in  a 
comparable  anatomic  area  treated  with  fine-mesh  gauze.  A  group  of  20 
patients  requiring  partial-thickness  grafts  and  with  sufficient  unburned  skin 
to  allow  initial  harvesting  of  two  donor  sites  will  bo  utilized.  If  a 
patient  requires  reharvesting  of  the  same  donor  sites,  the  patient  will 
undergo  a  second  compariHon  of  treatments.  If  positive  results  are  observed 
during  Phase  I,  a  sec ind  phase  will  be  conducted  in  another  group  of  20 
patients  to  determine  if  DC  is  the  active  principle.  The  same  comparisons 
will  be  mads  as  during  Phase  I  except  that  the  silver-nylon  dressing  without 
applied  DC  will  serve  as  the  parallel  control. 


23.  (U)  9106  -  91C9.  This  study  was  approved  by  the  U3A1SR  Research 
Council,  the  OS  Army  Institute  of  Surgical  Research  Human  Use  Committee,  and 
Tho  Surgeon  General's  Human  Subjects  Research  Review  3oard  during  the  third 
quart.r  of  fiscal  year  1991.  Nine  patients  were  enrolled  in  the  study  during 
this  reporting  period.  Upon  completion  of  enrollment,  the  data  will  be 
analyzed  as  indicated. 
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23/24.  (U)  The  objective  of  this  work  is  to  evaluate  the  effects  cf  weak  DC 

on  the  healing  of  partial-thickness  skin  graft  donor  sites  in  patients  with 
thermal  injury.  The  study  will  be  conducted  in  two  phases.  Phase  I  will 
directly  compare  the  time  of  reepichel i zation  between  a  donor  site  treated 
with  DC  applied  throigh  silver-nylon  dressings  and  a  donor  site  located  in  a 
comparable  anatomic  area  treated  with  fine-mesh  gauze.  A  group  of  20 
patients  requiring  partial-thickness  grafts  and  with  sufficient  unburned  skin 
to  allow  initial  harvesting  of  two  donor  sites  will  be  utilized.  If  a 
patient  requires  reh.irvescing  of  the  same  donor  sites,  the  patient  will 
undergo  a  second  comparison  of  treatments.  If  positive  results  are  observed 
during  Phase  I,  a  second  phase  will  be  conducted  in  another  group  of  20 
patients  to  determine  if  DC  is  the  active  principle.  The  same  comparisons 
will  be  made  as  during  Phase  I  except  that  the  silver-nylon  dressing  without 
applied  DC  will  serve  as  the  parallel  control . 

25.  ( U)  9106  -  9109.  This  study  was  approved  by  the  USAISR  Research 
Council,  the  US  Army  Institute  of  Surgical  Research  Human  Use  Committee,  and 
The  Surgeon  General' s  Human  Subjects  Research  Review  Hoard  during  the  third 
quarter  of  fiscal  year  1991.  Equipment  supplies  nave  been  ordered  and  work 
will  be  initiated  shortly. 
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In  the  extensively  burned  patient,  the  lack  of  unburned  skin  is 
a  predominant  obstacle  to  successful  wound  closure.  One  solution 
to  the  disturbing  disparity  between  skin  demand  and  skin 
availability  in  patients  with  massive  burn3  is  to  reduce  donor  site 
healing  time  so  that  available  donor  skin  can  be  harvested  on 
multiple  occasions  without  sacrificing  graft  quality.  Animal 
research  at  the  Institute  has  shown  that  the  application  of  weak  DC 
to  a  partial-thickness  donor  site  improves  circulation  and 
accelerates  healing  so  that  the  treated  donor  site  can  be  used 
multiple  times  over  a  relatively  short  period  of  time.  If  these 
results  are  borne  out  in  clinical  application,  the  technique  of 
electric  current  application  to  promote  wound  healing  could 
revolutionize  wound  care  of  patients  with  large  burns. 

The  objective  of  this  study  is  to  evaluate  the  effects  of  weak 
DC  on  the  healing  of  partial-thickness  skin  graft  donor  sites  in 
patients  with  thermal  injury. 
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STUDY  or  TBS  BENEFICIAL  EFFECTS  OF  WEAK  DIRECT  CURRENT  (DC) 
ON  DONOR  SITE  HEALING  IN  THE  THERMALLY  INJURED  PATIENT 


Major  burns  are  uncompromising  and  tha  burned  host/  having  lost 
the  protective  s)cin  barrier,  is  defenseless  in  dealing  with 
potential  sources  of  wound  infection.  From  the  very  outset  of 
illness,  the  burned  victim  is  at  a  disadvantage.  With  an  impaired 
immune  system  and  a  resultant  proclivity  for  systemic  and  local 
wound  infection,  this  is  further  compounded  when  a  dearth  of 
unburned  skin  prevents  wound  closure  in  the  extensively  burned 
individual.  The  devitalized  thermally  injured  skin  often  is  the 
source,  as  well  as  the  point  of  ingress,  for  bacterial  assault  that 
leads  to  infectious  complications,  prolonged  hospital  stay,  and 
ultimately,  accentuated  mortality. 

The  belief  that  prompt  excision  and  burn  wound  closure  shorten 
hospital  stay  seems  justified,  at  least  in  smaller  burns,  and  the 
notion  that  early  excision  and  grafting  in  major  burns  may  improve 
patient  survival  seems  plausible.  Regardless  of  the  rationale  lor 
and  timing  of  wound  closure,  one  must  reckon  with  the  verity  that 
a  full-thickness  skin  injury,  almost  always,  and  deep 
partial-thickness  burns,  most  of  the  time,  require  skin 
replacement . 

At  present,  excision  and  eutogrofting  constitutes  stsndard 
surgical  burn  wound  therapy.  However  desirable  it  may  seem, 
autografting  is  difficult  to  accomplish  error tlessly,  particularly 
when  demand  outstrips  the  supply  of  unburned  skin,  over  the  years, 
several  commendable  techniques  have  evolved  that  permit  an 
expeditious  wound  closure.  Definitive  methods  of  closure  of  the 
excised  burn  wound  rely  exclusively  on  the  availability  of 
autogonoua  skin  and  fall  under  three  broad  categories,  l.e., 
autografting  with  sp»lit-thickness  skin  grafts,  autograf  ting 
combined  with  dermal  augmentation,  and  wound  coverage  using 
cultured  epidermal  koratinocytes , 

In  autografting  major  burns,  on#  heavily  relies  on  harvesting 
the  finite  unburned  donor  areas  multiple  times,  This  entails  about 
2  weeks'  delay  for  a  previously  used  donor  site  to  heal 
sufficiently  and  yield,  once  again,  to  recropping.  Should  healing 
bo  Impaired  as  a  result  of,  for  example,  complicated  postoperative 
donor  site  care  or  a  local  wound  infection,  donor  site  readiness 
tor  roharvosling  is  delayed  evert  further, 

In  using  artificial  skin,  the  same  donor  site  limitations  apply 
to  the  acquisition  of  autologous  skin  needed  to  replace  the  outer 
Si  1 astic1Mmembr anu  covering  of  the  dermal  analogue,  Although  It 
la  true  that  the  ultra-thin  akin  grafts  employed  with  the  dermal 
analogue  shorten  donor  site  healing  time  by  a  3-  to  4 -day  margin 
U)  compared  to  conventional  spl It-thickness  skin  grafts,  this  gain 


is  lost  to  the  minimum  2~woek  delay  imposed  by  the  requirement  of 
vascularization  before  the  dermal  analogue  can  accept  a  skin  graft. 

The  prospect  of  wound  coverage  with  contemporary  techniques 
employing  epidermal  keratinocytes  alone  (2,3)  or  in  conjunction 
with  human  allogeneic  dermis  (4)  is  promising,  since  epidermal 
cells  can  be  cultured  with  relative  ease  and  in  a  quantity 
sufficient  to  cover  an  entire  body  surface  of  a  patient  (5,6). 
Once  again,  there  is  a  3-  to  4-week  delay  between  the  initial  skin 
biopsy  and  the  availability  of  the  cultured  cells  for  clinical  use. 
2n  patients  with  large  burns,  however,  it  appears  that  autografting 
with  either  spli t-thickness  akin  grafts  or  with  culturad  epidermal 
keratinocytes  lags  behind  the  resurfacing  needs  of  a  patient  by 
several  weeks,  chiefly  due  to  relative  autologous  skin  shortage. 

The  uae  of  allogeneic  material  is  a  substitute  for  burned  skin 
is  another  area  that  has  been  explored,  but  with  controversial 
results.  Skin  allografts,  under  an  umbrella  of  immunosuppressive 
therapy  which  subdues  allograft  rejection,  have  been  used  for 
long-term  wound  coverage  in  children  (7)  ,  However,  the  results  of 
thAt  atudy  have  defied  verification  by  other  investigators.  In  a 
similar  vein,  another  group  has  used  cultured  allogeneic  epidermal 
ket  at i  nocytes  in  humans  and  reported  auccess  (6,9).  Factually, 
however,  all  the  evJdenco  to  date  suggests  that  the  cultured 
allogeneic  epidermal  keratinocytes  serve  more  as  a  biologic 
dreenlng  than  true  skin  substitute  and  are  eventually  replaced  by 
the  recipient's  epidermis  (10-12),  Allogeneic  epidermis,  whether 
culturad  or  not,  seems  unsuitable  at  present  tor  permanent  wound 
closure, 

With  burn  injury,  it  ia  sad  and  ironic  that  regardless  of  the 
technique  employed,  it  is  the  patient  who  ultimately  must  provide 
skin  to  cover  his  wounds  and  save  his  life.  The  present  methods  of 
burn  wound  closure  are  restricted  for  want  of  autologous  skin 
suitable  for  grafting.  Measures  that  will  stretch  the  available 
skin  to  meet  the  individual  patient's  need  are,  therefore,  welcome. 
Aside  from  the  prevention  of  burns  that  need  no  cure,  a  suitable 
response  to  the  persistent,  dilemma  of  skin  shortage  in  patients 
with  major  burns  would  be  to  devise  a  means  to  accelerate  healing 
of  Die  burn  wound  itself  so  that  a  lesser  burned  area  needs 
grafting.  A  panacea  to  that  effect,  is  not  at  hand.  However,  a 
methodology  that  expedites  r eepi t he. I ial i zat ion,  makes  donor  sites 
available  for  multiple  akin  harvesting,  and  shortens  the 
inter -her  vest,  per  iod  is  seemingly  within  our  grasp.  The  technique 
offers  promise  of  making  skin  available  in  relative  abundance. 
Hesearch  in  laboratory  animals  at  tills  Institute  indicates  that  the 
phenomenon  of  wound  healing  can  be  harnessed  and  the  reparative 
processes  modified.  The  work  (13,14)  loading  to  those  conclusions 
is  summarized  below. 

lit  a  group  of  Hartley  guinea  pigs,  s  partial-thicxness  scald 
injury  over  1 H i  of  the  dorsal  trunk  of  animals  was  created  by  the 
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Walker-Mason  technique  (15) .  The  burn  wound  was  dressed  with  a 
silver-nylon  (SN)  meshed  fabric  that  received  an  anodal  current. 
A  SN  contact  point  over  the  animal's  abdomen  received  the  cathodal 
current.  Animals  in  the  treatment  group  received  a  constant  DC, 

1  pA/cm2  for  2  days  and  0.5  (lA/cm2  for  3  days.  Animals  in  the 
control  group  received  no  current,  though  their  wounds  were  dressed 
with  SN  fabric.  Another  group  of  140  animals  received  scald  burns. 
After  complete  healing  in  these  animals,  a  continuous  strip  of 
split-thickness  skin  graft  was  harvested  from  the  previously 
scalded  area,  located  cephalad,  and  from  the  contiguous  unburned 
skin  of  similar  dimensions  over  the  caudal  aspect  of  animals' s 
back.  The  harvest  from  the  scalded  area  was  discarded  and  that 
from  the  caudal  unburned  3kin  was  utilized  to  graft  the  raw  donor 
surface  of  the  scalded  area.  In  this  manner,  the  scalded  area 
donor  site  served  as  the  recipient  site  for  the  unburned  skin.  One 
hundred  and  twenty  animals  received  DC  and  20  received  no  DC. 
After  complete  healing,  60  of  the  120  animals  underwent  a  second 
harvest  and  grafting  procedure  and  received  DC  treatment.  DC  was 
studied  for  its  effects  on  three  discrete  endpoints  of  healing, 
i.e.,  wounds,  donor  sites,  and  grafts.  To  assess  the  depth  of 
microcirculation,  the  animals  were  injected  with  inaia  ink  through 
the  superior  mesenteric  artery  and,  upon  sacrifice  of  the  animals, 
biopsies  were  taken  from  central  portions  of  the  grafts  and 
examined  microscopically  for  deposition  of  carbon  particles  as  a 
measure  of  the  extent  of  microcirculation. 

In  the  first  study,  the  time  to  complete  healing  of  the  burn 
was  12  days  for  10  animals  in  the  treatment  group  and  16  days  for 
animals  in  the  control  group.  Skin  biopsies  revealed  that  the 
dermis  and  its  appendages  were  largely  preserved  in  the  treated 
animals,  while  in  control  animals,  approximately  one-third  of  the 
dermis  was  replaced  with  granulation  tissue  and  the  surviving  hair 
follicles  were  sparse.  In  the  second  study,  the  autografts  in  the 
treated  animals  were  firmly  adherent  to  the  wound  bed  by  the  4th 
postoperative  day  and  were  fully  vascularized  as  evidenced  by  the 
deposition  of  carbon  particles.  An  exuberant  outgrowth  of 
epithelium  spawned  from  the  remnants  of  wound  bed  hair  follicles 
and  appeared  to  link  the  partial-thickness  skin  graft  above  to  the 
wot  id  bed  below.  Stratum  corneum  appeared  by  day  12  in  the  graft, 
giving  it  the  appearance  and  texture  of  normal  skin.  Even  after 
the  second  harvest,  the  normal  histologic  appearance  and  skin 
texture  was  well  preserved  in  treated  animals.  In  control  animals, 
in  contrast,  the  skin  graft  adherence  was  minimal  and  graft 
vascularization  was  delayed  for  7  days,  by  which  time  most  of  the 
hair  follicles  had  already  degenerated.  A  marked  graft  contraction 
and  hair  loss  were  obvious  at  3  months  in  the  control  animals. 

The  striking  finding  in  the  treated  group  was  the  remarkable 
attenuation  of  inflammatory  response  at  the  nonburned  donor  sites 
and  minimal  subepidermal  fibrosis.  With  treatment,  surface 
migration  of  the  epithelial  cells  of  hair  follicle  origin  was 
demonstrable  by  48  h  after  harvesting,  the  neodermis  attained  3-  to 
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8-cell  thickness  by  72  h,  and  complete  healing  occurred  by  14  days. 
Wound  contraction  was  undetectable  during  the  3-month  observation 
period,  since  both  the  donor  sites  and  the  grafted  areas  in  the 
treated  animals  increased  in  size  parallel  with  the  growth  of  the 
whole  animal.  The  hair  density  in  the  treated  animals  was  reduced, 
but  only  minimally.  The  donor  sites  of  the  control  animals,  on  the 
other  hand,  developed  intense  inflammatory  response  by  48  h  after 
harvesting,  the  epithelial  growth  from  the  hair  follicles  proceeded 
with  great  difficulty  under  the  inflammatory  exudate, 
reepithelialization  took  over  3  weeks  to  complete,  and  donor  site 
wounds  showed  marked  fibrosis,  contracture,  and  hair  loss.  More 
importantly,  the  donor  sites  were  rendered  unusable  after  the  very 
first  harvest  in  untreated  animals. 

In  a  subsequent  study  in  the  guinea  pig,  the  advantageous 
effects  of  DC  on  the  maturation  of  split-thickness  skin  grafts 
placed  on  a  tangentially  excised  deep  partial-thickness  burn  were 
confirmed.  The  grafts  in  the  treated  animals  revascularized  in  2 
days  and  adhered  firmly  to  the  underlying  wound  bed  in  4  days;  in 
comparison,  it  took  7  days  for  the  wounds  of  control  animals  to 
reach  that  stage  of  graft  maturity.  The  epithelial  proliferation 
was  much  more  pronounced  in  treated  animals  compared  to  control 
animals.  In  control  animals,  the  skin  grafts  showed  mild 
contraction,  moderate  hair  loss,  and  extensive  subepidermal 
fibrosis  at  3  months.  In  treated  animals,  the  graft  sites' 
enlargement  was  proportionate  to  the  entire  animal  growth  and  the 
animals  exhibited  a  lavish  fur  coat  and  minimal  subepidermal 
fibrosis . 

These  data  indicate  that  DC  offers  a  means  of  accelerating 
wound  healing.  The  extremely  low  voltage  used  in  these  studies 
seems  safe  for  human  use  and  has  had  no  discernable  adverse  effects 
on  the  animals  studied.  The  output  from  many  FDA— approved  devices, 
such  as  nerve  stimulators  and  electric  cautery,  used  in  clinical 
practice  is  several  thousand-fold  greater  compared  to  the  device 
proposed  for  this  clinical  protocol.  In  humans,  low-intensity  DC 
has  been  used  with  reported  success  to  promote  healing  of  indolent 
ischemic  skin  ulcers  (16-21),  chronic  granulating  burns,  and 
chronic  osteomyelitis  and  nonhealing  fractures  (22). 

Based  on  our  animal  data,  we  postulate  that  the  application  of 
weak  DC  will  accelerate  wound  healing,  improve  donor  site  quality, 
and  allow  repetitive  use  of  limited  donor  sites  in  patients  with 
extensive  full— thickness  burns.  Therefore,  the  objective  of  this 
study  is  to  evaluate  the  effects  of  weak  DC  on  the  healing  of 
partial-thickness  skin  graft  donor  sites  in  patients  with  thermal 
injury . 

MATERIALS  AND  METHODS 

Study  Design.  This  prospective  study  seeks  human  confirmation 
of  the  utility  of  DC  for  improving  the  time  of  reepithelization  and 
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the  quality  of  wound  healing  of  partial-thickness  donor  sites.  The 
study  will  be  conducted  in  two  phases.  The  first  phase  will 
directly  compare  the  time  of  reepithelizat ion  between  a  donor  site 
treated  with  DC  applied  through  SN  dressings  and  a  donor  site 
located  at  a  parallel  body  location,  e.g.,  opposite  upper 
extremity,  treated  with  fine-mesh  gauze  dressings  (the  standard 
method  of  care  at  this  Institute)  .  A  group  of  20  patients 
requiring  partial-thickness  grafts  and  with  available  unburned  skin 
to  allow  initial  harvesting  of  two  donor  sites  will  be  utilized. 
If  a  patient  requires  reharvesting  of  the  same  donor  sites,  the 
patient  will  undergo  a  second  comparison  of  treatments.  If 
positive  results  are  observed  during  the  first  phase,  a  second 
phase  will  be  conducted  in  another  group  of  20  patients  to 
determine  if  DC  is  the  active  principle.  The  same  comparisons  will 
be  made  as  during  the  first  phase  except  that  the  SN  dressing 
without  applied  DC  will  serve  as  the  parallel  control. 

Selection  of  Patients.  Forty  patients  will  be  enrolled  in  this 
study.  Properly  signed  and  witnessed  DA  Forms  5303-R,  Volunteer 
Agreement  Affidavit,  will  be  obtained  from  each  patient  prior  to 
beginning  the  study. 

Patient  Inclusion.  Male  or  female  patients  2  18  yr  old 
with  burns  (the  presence  of  inhalation  injury  not  being 
exclusionary)  requiring  excision  and  grafting. 

Patient  Exclusion.  Patients  meeting  any  of  the  following 
criteria  will  be  excluded  from  participation  in  this  study: 

1.  Patients  <  18  yr  old. 

2.  Patients  who  are  pregnant  or  nursing. 

3.  Patients  with  toxic  epidermal  necrolysis  syndr.ome  . 

Study  Groups.  Two  modalities  of  donor  site  treatment,  i.e., 
fine-mesh  gauze  and  SN  dressing,  will  be  compared  to  the 
application  of  low-intensity  DC  to  assess  wound  healing.  Initial 
studies  in  20  subjects  (Group  I)  requiring  excision  and  grafting 
will  attempt  to  verify  donor  site  healing  times  with  fine-mesh 
gauze  on  one  site  and  with  electric  current  therapy  on  another. 
Each  patient  will  serve  as  his  own  control.  To  differentiate 
between  the  local  and  remote  effects  of  DC,  the  donor  sites  in  20 
patients  (Group  II)  will  receive  SN  dressing  with  and  without  DC 
and  each  patient  will  serve  as  his  own  control.  Further,  in 
patients  with  large  burns  requiring  multiple  harvestings,  the 
potential  of  the  DC-treated  and  untreated  donor  sites  for  secondary 
harvest  will  be  determined  clinically  prior  to  a  reharvest 
procedure . 

Description  of  Procedures,  Forty  thermally  injured  patients 
requiring  exciuon  end  grafting  of  their  burn  wound3  will  be 


243 


enrolled  in  the  study  after  giving  informed  consent.  Donor  site 
selection  will  be  based  on  the  clinical  needs  of  the  patient  as 
modified  by  the  individual  surgeon's  choice.  Presterilized  SN 
fabric  (Style  A-2589-5,  Swift  Textile  Metalizing  Corporation, 
Hartford,  CT)  will  be  cut  to  the  size  of  the  wound  and  placed 
directly  over  the  raw  donor  site  surface.  The  SN  fabric  is  a  heavy 
ripstop,  knit  nylon  fabric  weighing  84.8  gm/m2  and  containing  22.6 
gm/m2  of  silver.  The  dressing  will  be  secured  with  several  layers 
of  fine-mesh  gauze  moistened  with  normal  saline,  laparotomy  pads, 
and  a  tubular  Kerlix™  bandage.  The  dressings  will  be  kept  moist 
with  normal  saline  instillation  on  a  regular  basis.  A  constant 
voltage,  constant  current  power  supply  (Electrowave  Systems,  Inc., 
San  Antonio,  TX)  will  be  used  to  deliver  1  nA/cm*  DC  for  5  days  to 
selected  donor  sites  through  the  SN  fabric.  The  SN  donor  site  will 
be  connected  to  the  anode.  The  opposite  electrode  will  be 
established  by  placing  a  SN  dressing  over  the  opposite  extremity  of 
the  patient  or  on  the  same  extremity  on  a  surface  directly  opposite 
from  the  donor  site  or  on  the  same  extremity  as  the  donor  site  but 
at  a  remote  location.  Control  donor  sites  will  be  dressed  with 
fine-mesh  gauze.  During  the  second  phase  of  the  investigation,  SN 
fabric  will  be  placed  directly  on  the  control  wound  bed  and  secured 
with  fine-mesh  gauze  moistened  with  normal  saline,  laparotomy  pads, 
and  a  tubular  Kerlix™  bandage.  These  dressings  will  also  be  kept 
moist  on  a  regular  basis  with  normal  saline  instillation.  The 
first  dressing  change  will  occur  on  the  3rd  to  5th  postoperative 
day  and  daily  thereafter  until  healing.  At  the  time  of  each 
dressing  change,  control  and  treatment  donor  sites  will  be 
evaluated  for  wound  healing  and  maturation  of  wounds. 

Beginning  at  24-48  h  postoperatively  and  at  1-2  day  intervals, 
healing  will  be  assessed  clinically  by  visual  inspection  of  DC-  and 
SN-treated  donor  sites  and  documented  by  photography.  Fine-mesh 
gauze-treated  donor  sites  will  be  considered  healed  upon  complete 
separation  of  the  gauze.  The  characteristics  of  the  healed  donor 
site  will  be  verified  on  physical  examination  by  appraisal  of  the 
wound  texture,  wound  surface  regularity  and  smoothness,  and  wound 
bed  pliability.  On  the  7th  postoperative  day,  punch  biopsies  from 
the  margins  and  central  portions  of  selected  donor  and  graft  sites 
will  be  obtained  under  local  anesthesia  and  sent  to  the  pathology 
laboratory  for  histopathologic  examination. 

Determination  of  Number  of  Subjects  Required.  This  protocol 
involves  a  study  of  40  thermally  injured  patients,  all  receiving 
direct  anodal  current  to  one  donor  site  and  either  fine-mesh  gauze 
or  SN  dressing  on  the  other  donor  site.  Since  each  patient  may 
receive  multiple  dressings  at  one  sitting  and  the  participating 
patients  are  expected  to  be  studied  more  than  once,  it  is 
anticipated  that  the  number  of  observations  made  in  40  patients 
will  be  sufficient  to  permit  meaningful  evaluation  of  the  efficacy 
ol  DC  in  wound  healing. 
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Data  Collection.  Initial  data  collected  on  each  patient  will 
include  the  patient' s  admission  number,  age,  burn  size,  date  of 
burn,  location  of  target  donor  site  test  area.  All  excision  and 
grafting  dates  will  be  recorded  as  they  occur.  The  effect  of 
treatment  will  be  assessed  clinically.  Photographs  will  be  taken 
immediately  after  harvest,  at  the  time  of  the  first  dressing 
change,  and  at  the  time  of  complete  separation  of  the  gauze. 
Histologic  data  from  the  punch  biopsies  will  also  be  recorded.  End 
points  will  be  developed  and  will  include  time  to  healing,  visual 
(color)  aspects  of  the  graft  surface,  and  extensiveness  of  skin 
appendage  regeneration. 

Data  Analysis.  Using  paired  tests,  comparisons  will  be  made 
for  the  time  to  healing  of  the  gauze  and  SN-treated  donor  sites  and 
also  for  complications  between  SN  and  control  sites. 

RESULTS 

This  project  was  approved  by  the  USAISR  Research  Council,  the 
US  Army  Institute  of  Surgical  Research  Human  Use  Committee,  and  The 
Surgeon  General's  Human  Subjects  Research  Review  Board  during  the 
third  quarter  of  fiscal  year  1991.  Equipment  and  supplies  have 
been  ordered  and  work  will  be  initiated  shortly. 

DISCUSSION 

when  the  projected  total  of  40  patients  have  completed  the 
study,  the  data  will  be  analyzed  as  to  the  effects  of  weak  DC  on 
the  healing  of  partial-thickness  skin  graft  donor  sites  in  patients 
with  thermal  injury. 

PRESENTATIONS/PUBLICATIONS 


None . 
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During  calendar  year  1990,  214  burned  patients  were  cultured 
and  9,425  isolates  were  identified.  A  relatively  low  colonization 
frequency  (<  39%)  with  Gram-negative  organisms  has  continued  for 
the  seventh  reporting  period.  This  was  also  reflected  in  an 
increase  in  Gram-positive  organisms  in  blood  cultures, 
Staphylococcus  aureus,  Staphylococcus  epidormidis,  and 
Staphylococcus  saprophytlcus  represented  27.1%  of  the  bacteremia 
cases.  The  computerized  microbial  culture  surveillance  system  now 
contains  infoction  control  and  antibiotic  usage  data  bases.  This 
system  io  being  evaluated  for  its  use  in  predicting  infecting 
organisms  on  the  basis  of  sites  of  colonization  and  antibiotic 
usage . 
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STUDIES  OF  INFECTION  AND  MICROBIOLOGIC  SURVEILLANCE 
OF  TROOPS  WITH  THERMAL  INJURY 


This  report  is  produced  from  microbiology  data  collected  for 
patients  admitted  during  calendar  year  1990.  Data  were  collected 
from  admission  through  disposition.  These  culture  results  are 
presented  in  concert  with  the  annual  research  progress  report 
produced  by  the  Clinical  Division  for  the  same  patient  population. 

AUTOMATED  MICROBIOLOGY  DATA  BASE 

The  microbiology  data  base  now  contains  complete  surveillance 
data  for  >  1,800  burn  patient  admissions.  Epidemiologic  use  of 
these  data  has  resulted  in  several  publications.  The  microbiology 
data  base  has  been  aligned  with  antibiotic  use  and  infection 
control  data  bases.  This  has  improved  the  utility  of  the  system 
for  prospective  use  in  identifying  outbreaks  and  aiding  empiric 
therapy  by  predicting  on  a  statistical  basis  the  probable 
antibiotic  sensitivity  patterns  of  infecting  organisms. 

ANTIBIOTIC  SENSITIVITY  DETERMINATION 

The  1990  antibiotic  testing  panels  are  presented  in  Table  1. 
Bacterial  organisms  were  tested  by  agar  overlay  disc  diffusion. 
Broth  dilution  minimal  inhibitory  concentrations  and  minimal 
bactericidal  concentrations  were  available  upon  specific  request. 
The  protocol  for  selecting  organisms  for  in  vitro  sensitivities  was 
isolation  from  blood  cultures,  predominant  organisms  in  biopsy 
cultures,  predominant  Gram-negative  organisms  in  sputum  and  urine 
cultures  with  >  10 s  cfu/ml,  Stapnylococcus  aureus  isolates, 
Pseudomonas  aeruqlnosa  isolates,  and  other  organisms  as  requested. 

MICROBIAL  SURVEILLANCE 

The  microbial  surveillance  protocol  established  during  fiscal 
year  1983  was  continued  during  calendar  year  1990  (1).  Cultures 
wore  obtained  from  the  wound,  sputum,  uri*ne,  and  rectum  of  each 
patient  upon  admission.  Thereafter,  sputum  and  urine  w ere  cultured 
throe  t i mo  a  per  week  and  stools  and  wound  surfaces  two  times  per 
week.  Patients  transferred  to  the  convalescent  ward  and 
hospitalized  >  30  days  were  cultured  weekly.  Gentamicin-resistant 
Gram-negative  organisms  from  sputum  or  stool  specimens  were 
screened  by  plating  on  MacConkey  agar  containing  gentamicin  sulfate 
(25  pg/ml ) . 


MICAOBIOLOOIC  FINDINGS  IN  BURN  FATXENT8 

A  total  of  214  putienls  admitted  during  1990  were  cultured. 
Species  Isolated  and  number  of  patients  yielding  each  species  are 
presented  in  Table  2.  Because  of  the  decreased  host  resistance  of 
the  patient  population,  no  organism  is  considered  "normal"  flora 


TABLE  1.  In  vitro  Sonsitivity  Panels  (1990) 


Nonenr.er  ic 

Enteric  Organisms _ Gram-Neaative  Organisms  Gram-Posit i ve  Otaanlnma 


1.  Amikacin*'b 

2.  Gentamicin*,b 

3.  Ticarcillin* 

4.  Mezlocillin*'1* 

5.  Piperacillin*'13 

6.  Cefotaxime* 

1 .  Cefoperazone 

8 .  Sulf adiaz ine 

9.  Netilmicin* 

10.  Kanamycin 

11.  Chloramphenicol 

12.  Totracycline 

13.  Cefoxitin* 

14.  Cofamandole* 

15.  Ampicillin* 

16.  Tr  imei.hoprirn 

17.  Trimoth  and  aulfa 
i«,  Nalidixic  acid 

19.  Imipqnem-cila3tatirb 

20.  Streptomycin 

21.  Azt luonam 

22.  Norfloxacin 


1.  Amikacin*'b 

2.  Gontamicin*,b 

3.  Tobramycin 

4.  Ticarcillin* 

5.  Mezlocillin*'1* 

6.  Piperacillin*,b 

7.  Moxalactam*,b 

8.  Cefotaxime* 

9.  Cefoperazone* 

10.  Coliatin 

11.  Suliadia/.ino* 

12.  Netilmicin 

13.  Kanamycin 

14.  Chloramphenicol 

15.  Tetracycline 

16.  lmipon«m-ci 1 aatat i nb 

17.  Azlocillin* 

10.  Norfloxacin 

19.  Aztreonam 

20.  Timentin 

21.  Ceft azidlme*’b 

22.  Ceftriaxone 


1  .  Amikacin*'1* 

2.  Gentamicin*'1* 

3.  Tobramycin 

4.  Mezlocillin1* 

5.  Piperacillin*’1* 

6.  Moxalactam*’ 

7.  Cefotaxime 

8 .  Cefoperazone 

9.  Sulfadiazine 

10.  Oxacillin* 

1 1 .  Ccpha 1 ot h  1  n* 

32.  Vancomycin*'* 

13.  Chlotariiphenlcol* 

14.  Tetracycline* 

15.  Ample!  11  in 

16.  Imlpenorn-cilaatatin* 

17.  Clindamycin* 

1  8  .  Penici  11  m* 
iv.  Kiythromycin* 

20,  Streptomycin 

21.  Cof  ta  z ldi  me*1 b 
2?  ,  Cof  t.  r  1  axoiie 


*Kopocted  on  daily  clinical  microoiclogy  report  (hard  copy), 
"Reported  on  computet.  acroen  from  patient  data  toae. 


and  all  isolated  orglnisms  are  reported  to  the  physician.  A 
summary  ot  the  10  moot  common  isolates  is  presented  in  Table  3. 
The  table  contains  6 T*>  ot  the  species  identified.  The  relative 
frequencies  of  sites  of  isolation  are  presented  in  Figure  1,  The 
relative  frequencies  ot  sites  of  isolation  of  Gram-negative 
organisms,  Gram-positive  organisms,  and  yeast  are  shown  in  Figure 
2. 


FLORA  RECOVERED  FROM  RESPIRATORY  SYSTEM  SPECIMENS 

A  total  of  4,950  organisms  were  recovered  from  rueplretoiy 
system  specimens.  The  majority  of  these  were  sputum  cultures 
collected  in  Lira  surveillance  program.  The  10  most  frequent 
species  are  presented  in  Table  4,  which  represents  79.5%  of  the 


TABLE  2.  Distribution  by  Organism  (1990) 


* 
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Ten  Most  Frequent  Isolates  (1990) 


Total  Number  of  Patients  Cultured  =  214 
Total  Number  of  Isolates  =  9,425 


FIGURE  1.  Display  of  the  relative  frequency  of  specimen  sources 
yielding  isolates  in  1990. 
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GI -ASP IRATE 


Display  of  the  relative  frequency  of  specimen  sources 
yielding  Gram-negative  organisms. 


FIGURE  2 C. 


Display  of  the  relative  frequency  of  specimen  sources 
yielding  yeast-like  organisms. 


TABLE  4.  Ten  Most  Frequent  Isolates  from  Respiratory  Sources  (1990) 


respiratory  isolates.  Of  particular  note  is  the  continued  decline 
of  Gram-negative  isolates.  Pseudomonas  aeruginosa  colonized  34  of 
the  177  patients  with  an  isolate.  This  was  a  significant  increase 
(P  >  0.05)  from  previous  years. 

FLORA  RECOVERED  FROM  WOUND  SURFACE  SPECIMENS 

A  total  of  2,047  contact  plate  surface  cultures  were  taken  and 
1,392  isolates  were  made.  Relative  frequencies  of  isolated  species 
are  presented  in  Figure  3.  Subsurface  flora,  as  measured  by  biopsy 
specimens,  was  measured  in  955  biopsies  taken  from  134  patients. 
Organisms  were  recovered  from  72  of  the  biopsied  patients.  The  10 
most  common  organisms  are  presented  in  Table  5.  Filamentous  fungi 
remained  the  principal  isolate  with  Aspergillus  being  the  most 
common  fungal  genus.  Pseudomonas  aeruginosa  was  recovered  from  33 
biopsies  taken  from  14  patients.  The  continued  decrease  in 
recovery  of  wound  bacteria  is  best  correlated  with  the  decrease  in 
resistance  to  topical  and  parenteral  antimicrobial  agents.  The 
loss  of  competitive  bacterial  flora  is  a  reasonable  basis  for  the 
increased  frequency  of  fungal  isolates. 

FLORA  RECOVERED  FROM  URINARY  TRACT  SPECIMENS 

Urine  specimens  from  205  patients  yielded  773  isolates.  The 
10  most  common  species  are  presented  in  Table  6.  .  The  top  10 
organisms  isolated  from  urine  specimens  with  >105  cfu/ml  are 
presented  in  Table  7. 

FLORA  RECOVERED  FROM  BLOOD  CULTURES 

Blood  cultures  were  obtained  from  112  patients  for  a  total  of 
964  cultures.  The  principal  organisms  recovered  are  listed  in 
Table  8.  Positive  cultures  were  obtained  from  31  patients  and  80 
isolates  were  made  from  76  positive  cultures.  Forty-eight  cases  of 
bacteremia  were  noted.  A  case  of  bacteremia  was  defined  as 
isolation  of  an  organism  once  or  more  than  once  within  a  30-day 
period. 

Intravenous  catheter  tips  were  cultured  from  76  patient3. 
Isolations  were  made  from  56  patients  and  284  isolates  were  made. 
Data  are  presented  in  Table  9.  These  data  show  an  unexpectedly 
high  incidence  of  contamination. 

SUMMARY  OF  ANTIBIOTIC  TESTING 

A  total  of  4,836  bacterial  isolates  were  tested  for  in  vitro 
sensitivity  to  antibiotics.  A  comparison  of  sources  of  tested 
strains  is  presented  in  Figure  4.  The  relative  frequency  of  tested 
organisms  is  presented  in  Figure  5. 

Gentamicin  resistance  was  again  used  as  a  plasmid  surveillance 
marker.  Testing  was  done  on  4,396  isolates.  Figure  6  displays  the 
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FIGURE  3.  Display  of  the  relative  frequency  of  organism  types 
isolated  from  surface  wound  cultures. 
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TABLE  5.  Principal  Organisms  Recovered  in  Biopsy  Specimens  (1990) 
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Total  Number  of  Isolates 
Biopsies  Taken 


TABLE  6.  Ten  Most  Frequent  Organisms  from  Urinary  Specimens  (1990) 


TABLE  7.  Ten  Most  Frequent  Organisms  from  Urinary  Specimens  with  >  105  cfu  (1990) 


TABLE  8.  Principal  Organisms  Found  in  Blood  Cultures  (1990) 
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♦Indicates  number  of  different  organisms  isolated  per  patient,  regardless  of  the  number 
of  times  any  one  specific  organism  is  isolated. 


TABLE  9.  Ten  Most  Frequent  Organisms  from  Intravenous  Catheters  (1990) 
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Total  Number  of  Isolates  =  284 


FIGURE  4.  Display  of  the  relative  frequency  of  sources  yielding 
organisms  tested  for  in  vitro  sensitivity  to  antibiotics 
in  1390. 
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FIGURE  5.  Display  of  the  relative  frequency  of  organisms  tested 
for  in  vitro  sensitivity  to  antibiotics  in  1990. 
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FIGURE  6.  Display  of  the  relative  frequency  of  organisms  tested 
for  in  vitro  sensitivity  to  gentamicin  in  1990. 
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relative  frequency  of  tested  organisms.  Figure  7  displays  the 
frequency  of  resistant  species.  Staphylococcus  aureus  represented 
65%  of  the  gentamicin-resistant,  isolates.  Only  582  Gram-negative 
isolates  of  2,789  strains  tested  were  resistant  to  gentamicin 
(20.9%)  .  This  continues  to  be  a  low  percentage  and  is  a  direct 
marker  of  the  success  of  infection  control  isolation  techniques  in 
preventing  the  accumulation  of  a  resistant  Gram-negative  flora. 

Staphylococcus  aureus.  The  sources  of  Staphylococcus  aureus 
strains  tested  for  in  vitro  activity  are  presented  in  Figure  8. 
The  incidence  of  multiply  resistant  Staphylococcus  aureus  was  34% 
of  isolates  and  these  strains  were  isolated  from  57  patients.  The 
resistant  strains  are  multiply  resistant,  with  expression  of 
gentamicin,  erythromycin,  oxacillin,  and  streptomycin  resistance. 
Multiply  resistant  Staphylococcus  aureus  and  gentamicin-sensitive 
strains  are  displayed  separately  in  Table  10  and  histograms  are 
shown  in  Figure  9. 

Pseudomonas  aeruginosa .  The  frequency  of  sources  of 
Pseudomonas  aeruginosa  strains  tested  in  vitro  is  presented  in 
Figure  10.  The  results  of  testing  are  presented  in  Table  11. 
Sensitivity  to  aminoglycoside  antibiotics  has  remained  high.  The 
relative  frequency  of  gentamicin  resistance  for  recent  reporting 
periods  is  presented  in  Figure  11.  The  relative  frequency  of 
sulfonamide  resistance  for  recent  reporting  periods  is  presented  in 
Figure  12.  Histogram  displays  of  the  distributions  of  zone  sizes 
for  selected  antibiotics  are  presented  in  Figure  13. 

Klebsiella  pneumoniae.  A  total  of  496  isolates  were  tested  for 
in  vitro  sensitivities  to  antibiotics.  The  sources  of  isolation 
for  tested  strains  are  presented  in  Figure  14.  The  results  of  in 
vitro  antibiotic  testing  are  presented  in  Table  12.  Histogram 
displays  of  the  distributions  of  zone  sizes  for  selected 
antibiotics  are  presented  in  Figure  15. 

Serratia  marcenscens .  The  sources  of  isolation  for  tested 
strains  are  presented  in  Figure  16.  The  results  of  in  vitro 
antibiotic  testing  are  presented  in  Table  13.  Histogram  displays 
of  the  distributions,  of  zone  sizes  for  selecced  antibiotics  are 
presented  in  Figure  17. 

Escherichia  coli.  The  sources  of  isolation  for  tested  strains 
are  presented  in  Figure  18.  The  results  of  in  vitro  antibiotic 
testing  are  presented  in  Table  14.  Histogram  displays  of  the 
distributions  of  zone  sizes  for  selected  antibiotics  are  presented 
in  Figure  19. 
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Display  of  the  relative  frequency 
gentamicin-resistant  organisms  isolated  in  1990. 
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Display  of  the  relative  frequency  of  sources  yielding 
Staphylococcus  aureus  tested  for  in  vitro  sensitivity 
to  antibiotics  in  1990. 


TABLE  10A.  Antibiotic  Sensitivity  Data  for  Staphylococcus  aureus  Sensitive 
Gentamicin  (1990) 
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TABLE  10B.  Antibiotic  Sensitivity  Data  for  Staphylococcus  aureus  Resistant  to 
Gentamicin  (1990) 
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FIGURE  9B.  Histogram  display  of  the  distribution  of  zones  of 
inhibition  of  growth  of  multiply-sensitive 
Staphylococcus  aureus  (continued) . 


FREQ  %  FREQ  %  FREQ 


OXACILLIN 
NUMBER  »1374 


TTT 

<R> 


T T 

<:>l 


(1  meg ) 
TIT  I  I  I  I  TIT 

<  5  > 


37.5  h 


25. 


12.5 


}. 


_LL 


6  9 


12  15  18  21  24  27  20  33 

ZONE  SIZE 


36 


50. 


37.5 


25. 


12. f 


,\ 


PENICILLIN  (10  U) 

SOMBER  -1074 

I  I  I  I- 1  |"T  I  1  "n'T'TTI  I  I  M  I  T  T  I  I  1  I  M  I  I 

<r>  <:>  <  s  > 


ZONE  SIZE 


PIPERACILLIN  (75  meg) 


15  u  :i  *4  :j 

ZONE  SIZE 


FIGURE  9B.  Histogram  display  of  the  distribution  of  zones  of 
inhibition  of  growth  of  mul tiply-sen3itive 
Staphylococcus  aureus  (continued) . 


TABLE  11.  Antibiotic  Sensitivity  Data  for  Pseudomonas  aeruginosa  (1990) 


•— 1 

0) 

<t  Xi 

CD 

CO 

co 

CO 

ID 

CM 

in 

ro 

CM 

m 

m 

o 

00 

CO 

m 

m 

ID 

VO 

CD 

o 

o 

4J 

E 

O 

o 

o 

o 

O 

o 

o 

r- 

o 

o 

o 

o 

ON 

o 

o 

o 

O 

o 

o 

o 

o 

0 

Eh 

3 

2 

on 

ON 

ON 

ON 

ON 

ON 

ON  CO 

ON 

ON 

ON 

ON 

00 

ON 

O'. 

ON 

ON 

ON 

On 

03 

03 

i-t 

0) 

£1 

cm 

"O 

VD 

VD 

rH 

oo 

ro 

CO 

CO 

ON 

00 

CO 

p' 

ON 

rH 

rH 

V0 

w 

t 

ON 

on 

03 

r- 

rH 

o 

o 

i 

03 

r- 

1 

00 

ON 

CM 

ON 

m 

rH 

ON 

00 

> 

3 

in 

m 

CM 

r- 

o\ 

00 

in 

r* 

CM 

r- 

m 

CD 

co 

m 

in 

M 

2 

E 

M 

CO 

2 

CD 

rH 

r* 

o 

CO 

o 

o 

rH 

rH 

00 

in 

ON 

r- 

m 

rH 

W 

CO 

CD 

U0 

r- 

o 

CM 

o 

o 

ro 

CM 

rH 

CO 

00 

03 

VO 

CM 

CD 

CO 

oV3 

• 

• 

« 

• 

• 

• 

• 

• 

i 

• 

• 

1 

* 

. 

. 

. 

, 

in 

m 

CM 

C\) 

rH 

o 

00 

o 

ON 

CO 

CM 

CM 

o 

ON 

in 

rH 

co 

If) 

m 

i O 

IX) 

co 

CO 

m 

r- 

o 

ON 

VO 

00 

CO 

rH 

r- 

CD 

r- 

m 

CD  CD 

rH 

VH 

CD 

w 

Xi 

r- 

CM 

o 

VO 

00 

co 

CM 

03 

r~- 

CM 

'M' 

CM 

CM 

ao 

00 

CO 

00 

o 

Eh 

£ 

o 

IX) 

CM 

rn 

VD 

i 

r- 

i 

rH 

o 

i — i 

rH 

00 

r- 

03 

ro 

VO 

o 

00 

00 

< 

3 

r— 1 

<r 

CM 

CO 

CM 

CM 

"T 

CM 

CM 

rH 

2 

Q 

td 

W 

rH 

r- 

rH 

iH 

o 

> 

CM 

03 

00 

CO 

m 

r- 

ON 

rH 

VO 

00 

00 

03 

E 

CO 

oo 

in 

on 

P 

CM 

ON 

00 

CO 

CD 

CM 

CO 

VO 

m 

ON 

r- 

r- 

00 

2 

CA° 

• 

• 

• 

* 

» 

l 

, 

> 

. 

. 

• 

• 

. 

. 

. 

. 

. 

W 

rH 

vo 

IX> 

m 

o 

00 

CM 

o 

CM 

rH 

rH 

? — i 

CM 

o 

in 

r- 

CM 

m 

ON 

CD 

rH 

IN 

CM 

m 

in 

rH 

CM 

CM 

rH 

in 

CD 

Xi 

r- 

CO 

ON 

co 

rH 

ON 

o\ 

r- 

00 

m 

m 

00 

ID 

ON 

r- 

CM 

E 

E 

o 

00 

on 

04 

rH 

l 

m 

CM 

ao 

CM 

m 

00 

r- 

00 

m 

CM 

co 

2 

P 

eg 

CM 

rH 

rH 

-1 

rH 

co 

rH 

rH 

00 

CO 

ro 

rH 

ro 

r- 

CM 

CM 

Eh 

CO 

M 

CO 

u 

m 

VO 

co 

P" 

o 

in 

m 

00 

o 

rH 

CM 

ON 

00 

CM 

o 

CD 

O 

o 

CD 

o 

cC 

rVc° 

CO 

03 

co 

OD 

o 

rH 

03 

r- 

i> 

03 

rH 

1 - 1 

co 

r~ 

00 

ro 

o 

m 

o 

og 

o 

rH 

r- 

o 

CO 

r* 

o 

co 

m 

00 

VO 

VO 

O' 

co 

o 

CO 

CO 

vo 

Osl 

CM 

CM 

CM 

in 

m 

» — 1 

ON 

*H 

rH 

03 

m 

CO 

CM 

co 

00 

CM 

CM 

c 

•rH 

4J 

rC 

<H 

P 

0 

V) 

u 

fO 

o 

01 

•H 

l — \ 

c 

CD 

CD 

•H 

c 

CD 

CD 

c 

•rH 

c 

c 

•H 

c 

c 

c 

+j 

C 

0 

CD 

c 

E 

c 

CD 

c 

a 

•H 

E 

c 

•H 

i — i 

•rH 

•H 

•H 

o 

■H 

s 

M 

£ 

•H 

•  H 

o 

X 

♦H 

i 

c 

*H 

m 

•H 

u 

i — 1 

N 

rH 

-H 

c 

• — 1 

<TJ 

•H 

T3 

TJ 

X 

a,  c 

u 

E 

E 

•H 

<H 

-P 

u 

03 

•rH 

m 

o 

rH 

X) 

-H 

c 

Ch 

X 

0 

•  H 

03 

£ 

•rH 

•H 

CD 

3 

o 

•H 

o 

■rH 

X 

CJ 

•H 

>1 

•rH 

*H 

o 

-H 

o 

CD 

03 

*H 

N 

-H 

m 

4-1 

E 

C 

-H 

>1 

u 

03 

£ 

0 

03 

"U 

o 

o 

m 

4-1 

<TJ 

o 

CD 

0,43 

3 

CO 

u 

1h 

CO 

CD 

■D 

e 

o 

< — 1 

rH 

’ — < 

P 

03 

03 

u 

00 

c 

.x 

o 

C4 

o 

o 

CO 

+-> 

P1 

0 

•H 

-P 

a  o 

ro 

«H 

03 

•  rH 

«4H 

CD 

C44 

03 

i 

< 

rH 

-U 

4H 

l*H 

UH 

Uh 

Uh 

• — ♦ 

rH 

c 

•H 

CO 

c 

CM 

X 

P> 

M 

-P 

u 

£ 

£ 

N 

N 

CD 

0) 

(D 

0) 

CD 

x: 

o 

CD 

E 

no 

CD 

o 

CD 

0 

•H 

3 

<D 

•rH 

hH 

<c 

<  o 

o 

U 

u 

U 

u 

u  e 

IH 

2  s 

2 

2 

2 

CD 

CD 

E-* 

E-> 

286 


Tobramycin  8.64  78  0.66  6  90.70  819  903 


001 


FIGURE  11.  Relative  frequency  {%)  of  Pseudomonas  aeruginosa  resistant  to  gentamici 
for  fiscal  years  1981-3  and  calendar  years  1984-90. 
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FIGURE  14.  Display  of  the  relative  frequency  of  sources  yielding 
Klebsiella  pneumoniae  tested  for  in  vitro  sensitivity 
to  antibiotics  in  1990. 
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FIGURE  15.  Histogram  display  of  the  distribution  of  zones 
inhibition  of  'growth  of  Klebsiella  pneumoni 
(continued) . 


FIGURE  16.  Display  of  the  relative  frequency  of  sources  yielding 
Serrafcia  marcescens  tested  for  in  vitro  sensitivity  to 


antibiotics  in  1990. 
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FIGURE  17.  Histogram  display  of  the  distribution  of  zones  of 
inhibition  of  growth  of  Serratia  marcescens 
(continued)  . 
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FIGURE  18. 


Display  of  the  relative  frequency  of  sources  yielding 
Escherichia  coli  tested  for  in  vitro  sensitivity  to 
antibiotics  in  1990. 
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FIGURE  19.  Histogram  display  of  the  distribution  of  zones  c 
inhibition  of  growth  of  Escherichia  coli  (continued) 
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ABSTRACT 
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PROJECT  TITLE:  STUDIES  OF  INFECTION  AND  MICROBIOLOGIC 

SURVEILLANCE  OF  TROOPS  WITH  THERMAL  INJURY: 
Evaluation  of  Imipenem-Cilastatin  Sodium 
(Primaxin®)  for  Prophylactic  Activity  Against 
Bacterial  Pneumonias  in  Burned  Patients  with 
Inhalation  Injury:  A  Prospective  Randomized  Trial 
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Houston,  San  Antonio,  Texas  78234-5012 
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William  F.  McManus,  MD,  Colonel,  MC 
Basil  A.  Pruitt,  Jr.,  MD,  Colonel,  MC 


This  study  was  designed  to  evaluate  the  efficacy  of 
imipenem-cilastatin  sodium  for  prophylactic  activity  against 
bacterial  pneumonias  in  burned  patients  with  inhalation  injury. 
Patients  enrolled  in  the  study  would  have  received  standard 
appropriate  therapy  for  their  burns  and  would  have  been  randomized 
in  pairs  to  receive  or  not  receive  prophylaxis  with 
imipenem-cilastatin  sodium.  Patient  pairs  would  have  then  been 
evaluated  for  development  of  pneumonia  within  the  first  10  days 
(during  antibiotic  administration),  development  of  pneumonia  within 
30  days  postburn,  and  death  or  discharge  from  the  hospital. 

Because  the  population  for  this  study  conflicted  with  another 
3tudy,  no  patients  were  enrolled  in  this  study.  This  study  was 
terminated  effective  31  March  1991. 
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EVALUATION  07  IMIPENEM-CILASTATIN  SODIUM  (PRIMAXIN*)  FOR 
PROPHYLACTIC  ACTIVITY  AGAINST  BACTERIAL  PNEUMONIAS  IN 
BURNED  PATIENTS  WITH  INHALATION  INJURY: 

A  PROSPECTIVE  RANDOMIZED  TRIAL 


Inhalation  injury  is  an  important  comorbid  factor  in  burn 
patients.  It  increases  mortality  above  that  related  to  age  and 
burn  size.  In  the  most  recent  review,  inhalation  injury  was  found 
in  35%  of  patients  (1) .  Inhalation  injury  also  seems  to  predispose 
to  the  development  of  bacterial  pneumonia,  with  45.8%  of  patients 
with  severe  inhalation  injury  developing  pneumonia.  In  this 
analysis,  patients  with  inhalation  injury  who  developed  pneumonia 
more  commonly  showed  the  pneumonia  in  the  first  week  after  injury 

Unfortunately,  there  is  no  specifically  effective  treatment  of 
inhalation  injury.  Patients  are  supported  according  to  their 
clinical  status  with  appropriate  fluid  administration,  maintenance 
of  airway  patency,  adequate  amounts  of  oxygen,  and  mechanical 
ventilation  as  necessary.  Some  patients  tolerate  the  insult  well 
and  recover  rapidly;  however,  others  develop  pneumonia,  initially 
with  Staphylococcus  aureus  and  later  with  Gram-negative  organisms, 
which  can  lead  to  progressive  respiratory  failure  and  death. 

Prophylactic  treatment  against  the  sequelae  of  inhalation 
injury  may  be  useful  as  there  is  no  other  therapy  available  to 
prevent  bacterial  pneumonia.  Levine  et  al  (2)  evaluated  the  effect 
of  prophylactic  aerosolized  gentamicin  in  patients  with  inhalation 
injury  and  found  no  difference  in  mortality,  time  of  death,  or 
pulmonary  or  septic  complications.  Gram-negative  pneumonias  were 
the  most  common  pulmonary  infections  in  the  patients  in  their 
study,  but  more  recently.  Gram-positive  pneumonia  has  become  more 
common . 

Imipenem-cilastatin  sodium  (Primaxin®),  a  thienamycin 
antibiotic  which  has  been  recently  released,  could  be  of  use  in  the 
prevention  of  this  problem.  This  antibiotic  has  a  wide  spectrum, 
being  active  against  Gram-positive,  Gram-negative,  and  anaerobic 
bacteria.  It  is  bactericidal  even  against  aminoglycoside-resistant 
and  beta-lactamase-producing  organisms.  It  is  effective  against 
strains  of  Staphylococcus  aureus  and  Pseudomonas  aeruginosa .  Only 
strains  of  Pseudomonas  maltophilia,  Pseudomonas  cepacia, 
Streptococcus  faecium,  flavobacteria,  and  diptheroids  have  been 
found  to  be  resistant  to  imipenem-cilastatin  sodium.  Minimal 
toxicity  has  been  attributed  to  the  drug,  which  is  excreted  by  the 
kidneys;  dosage  reductions  to  one-third  are  required  in  anuretic 
patients.  Therefore,  it  is  a  good  choice  for  prophylactic  therapy 
for  inhalation  injury. 

Prophylactic  treatment  in  the  past  has  been  principally 
directed  toward  wound  infection  and  utilized  antibiotics  that  were 
more  inherently  toxic  without  the  wide  spectrum  of 
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imipenem-cilastatin  sodium.  Antibiotics  have  also  been 

administered  into  the  tracheobronchial  tree  without  beneficial 
effects.  The  regimen  proposed  offers  the  advantage  of  an 
intravenous  agent  with  good  penetration  of  lung  tissue,  minimal 
toxicity,  and  a  wide  spectrum  of  activity  against  the  organisms 
most  often  involved  in  the  pneumonias  associated  with  inhalation 
injury.  Randomization  will  be  employed  to  compare  this  new 
prophylactic  regimen  with  the  usual  expectant  treatment. 

The  purpose  of  this  study  was  to  evaluate  prophylactic 
treatment  of  inhalation  injury  and  correlate  with  the  clinical 
prevention  of  pneumonia  in  such  patients. 

MATERIALS  AND  METHODS 

Number  of  Patients.  Up  to  200  patients  were  to  be  enrolled  in 
this  study,  with  an  early  cutoff  by  closed-end  sequential  analysis 
possible . 

Criteria  for  Admission  to  the  Study.  Patients  admitted  to  the 
US  Army  Institute  of  Surgical  Research  with  evidence  of  inhalation 
injury  were  to  be  offered  the  opportunity  to  participate  in  this 
study.  Properly  signed  and  witnessed  DA  Forms  5303-R,  Volunteer 
Agreeement  Affidavit,  were  to  be  obtained  prior  to  initation  of  the 
study.  Patients  meeting  the  following  criteria  were  considered 
eligible  for  enrollment  in  the  3tudy: 

1.  A  history  of  inhalation  of  smoke  and/or  flames. 

2.  A  history  of  burn  occurring  in  a  closed  space  with  the 
physical  findings  of  burns  to  the  face,  lips,  nose,  or  mouth  or 
singeing  of  facial  or  nasal  hair. 

3.  Carbonaceous  sputum  production. 

4.  Stridor,  hoarseness,  br  airway  obstruction. 

5.  Dyspnea,  wheezing,  or  rhonchi . 

6.  Xenon  scan  showing  trapping  of  gas  in  a  pattern  consistent 
with  inhalation  injury. 

Patient  Inclusion.  Male  and  female  patients  meeting  the 
following  criteria  were  eligible  for  participation  in  the  study: 

1.  Patient  >  18  yr  old. 

2.  Patients  with  a  diagnosis  of  inhalation  injury 
confirmed  by  bronchoscopic  examination. 

3.  Patients  with  an  expected  probability  of  survival  of 
20-80%  based  on  an  age  and  burn  size  predictor  model. 
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4.  Patients  not  subject  to  any  preexisting  disease  which 
contraindicated  administration  of  imipenem-cilastatin  sodium. 

5.  Patients  who  could  begin  treatment  by  72  h  postburn. 

Patient  Exclusion.  Patients  with  any  of  the  following 
characteristics  were  ineligible  for  participation  in  this  study: 

1.  Patients  <  18  yr  old. 

2.  Patients  who  were  pregnant  or  nursing. 

3.  Patients  who  had  a  prior  history  of  renal  dysfunction. 

4.  Patients  who  were  hypersensitive  to  thienamycin  or  who 
had  an  anaphylactic  reaction  to  any  of  the  beta-lactam  groups  of 
antibiotics,  including  cephalosporins,  oxacephalosporins, 
penicillins,  or  cephamycins. 

5.  Patients  with  prosthetic  valve  endocarditis. 

6.  Patients  in  danger  of  or  in  hepatic  coma. 

Study  Design.  Patients  would  have  received  appropriate 
standard  therapy  for  their  burn  and  would  have  been  randomized  in 
pairs  to  receive  or  not  receive  prophylaxis  with 
imipenem-cilastatin  sodium.  Imipenem-cilastatin  sodium  at  500  mg 
every  6  h  would  have  been  started  between  36  and  72  h  postburn  and 
administered  for  240  h  (10  days) .  No  other  modifications  were  to 
be  made  in  the  care  of  either  group  of  patients.  Sputum  cultures 
and  other  cultures  would  have  been  collected  according  to  the  usual 
protocol  for  all  patients.  Respiratory  status  would  have  been 
carefully  monitored  according  to  the  usual  procedures  in  all 
patients  and  documented  appropriately. 

Patients  in  both  groups  would  have  been  carefully  watched  for 
the  development  of  pulmonary  infection.  Tracheobronchitis  and 
pneumonia  would  have  been  diagnosed  by  the  usual  criteria  (Table  1) 
and  were  to  be  treated  with  antibiotics  when  judged  appropriate  by 
the  primary  physician.  Cellulitis  diagnosed  by  clinical  criteria 
and  treated  with  penicillin  would  not  have  been  grounds  for 
exclusion  from  the  study.  Patient  pairs  were  to  be  excluded  from 
the  study  if  either  patient  developed  a  deep  tissue  infection 
requiring  treatment  with  antibiotics  or  succumbed  without  pneumonia 
in  the  first  10  days.  Patient  pairs  were  to  be  evaluated  for  the 
development  of  pneumonia  within  the  first  10  days  (during 
antibiotic  administration) ,  pneumonia  developing  within  30  days 
postburn,  and  death  or  discharge  from  hospital. 

Patients  would  have  been  enrolled  in  the  study  as  sequential 
pairs  with  treatment  randomly  allocated  between  the  paired 
patients.  This  would  have  allowed  sequential  analysis  with  a 
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TABLE  1.  Diagnosis  of  Infection 


Pneumonia 


1.  Clinical  findings  consistent  with  pneumonia,  i.e.,  pleuritic 
chest  pain,  fever,  purulent  sputum,  or  other  signs  of  sepsis. 

2.  A  significant  number  (>  25)  of  PMLs  on  methylene  blue  stain  of 
endotracheal  secretions  with  <  25  squamous  epithelial  cells  per 
100X  field. 

3.  Roentgenographic  findings  consistent  with  pneumonia. 

4.  Positive  sputum  culture  (confirmatory,  but  not  essential  for 
diagnosis)  . 


Tracheobronchitis 


1.  Clinical  findings  consistent  with  the  diagnosis,  i.e.,  fever, 
purulent  sputum,  sepsis,  or  significant  findings  on 
bronchoscopy . 

2.  A  significant  number  (>  25)  of  PMLs  on  methylene  blue  stain  of 
endotracheal  secretions  with  <  25  squamous  epithelial  cells  per 
100X  field. 

3.  Roentgenographic  findings  not  consistent  with  pneumonia. 

4.  Positive  sputum  culture  (confirmatory,  but  not  essential  for 
diagnosis) . 


closed-end  statistical  model  (3) .  Based  on  the  probability  of  the 
untreated  group  experiencing  pneumonia  (45%  from  past  clinical 
experience),  a  significance  level  of  0.05,  a  power  of  0.75,  and  an 
improvement  with  therapy  to  half  the  untreated  value,  the  maximum 
number  of  patients  theoretically  required  was  estimated  to  be  72 
patients  per  group  (fig  1) .  If  imipenem-cilastatin  sodium  therapy 
proved  to  be  either  very  effective  or  detrimental,  the  sequential 
analysis  would  have  allowed  the  study  to  have  been  completed  with 
significantly  fewer  patients. 


RESULTS 

Because  the  population  for  this  study  conflicted  with  another 
study,  no  patients  were  enrolled  in  this  study. 
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OF  PATIENTS 
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Inhalation  injury  prophylaxis  -  sequential  analysi 


DISCUSSION 


This  study  was  terminated  effective  31  March  1991. 

PRESENTATIONS/PUBLICATIONS 
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MLR  studies  have  been  performed.  When  a  technique  is  translated 
across  species,  assay  parameters  must  be  frequently  optimized  for 
the  new  species.  Initial  MLR  results  gave  a  low  signal  to  noise 
ratio  and  frequently  were  inconsistent.  Additionally,  when  rat 
macrophages  were  isolated  by  the  classical  pathway  of  plastic 
adherence,  they  appeared  to  preactivate  and  give  anomalously  high 
results.  Currently,  we  are  optimizing  MLR  conditions  for  the  rat 
and  developing  a  macrophage  purification  technique  that  does  not 
preactivate  the  macrophages. 


319 


SUPPLEMENTAL  WORK  UNIT  INFORMATION  FOR  THE  PROJECT  ENTITLED  "IN 
VITRO  ANTIGEN-PRESENTING  CAPACITY  OF  MACROPHAGES  AND  IN  VIVO 
ASSESSMENT  OF  IMMUNOLOGICAL  CONSEQUENCES" 


Subrecord/Linking  Accession  Number:  Not  applicable. 

Search  Control  Data:  W6R38K/W6R39J,  9  January  1990. 

Product  Identification:  For  technical  reports,  refer  to  the  US 
Army  Institute  of  Surgical  Research  Annual  Research  Progress  Report 
for  Fiscal  Year  1991. 

Unclassified  Special  Categories:  Lab  Animals:  Rats;  RA  H. 


320 


ABSTRACT 


PROJECT  NUMBER:  3M161102BS14 ,  Research 

PROJECT  TITLE:  In  vitro  Antigen-Presenting  Capacity  of 

Macrophages  from  Burned  Rats  and  in  vivo 
Assessment  of  Immunological  Consequences  of 
Defective  Antigen  Presentation 

INSTITUTION:  US  Army  Institute  of  Surgical  Research,  Fort  Sam 

Houston,  San  Antonio,  Texas  78234-5012 

PERIOD  COVERED  IN  THIS  REPORT:  10  October  1990  -  30  September  1991 

INVESTIGATORS:  David  G.  Burleson,  PhD,  Colonel,  MS 

Thomas  L.  Koppenhef fer,  PhD 

Albert  T.  McManus,  PhD 

Ronald  L.  Shippee,  PhD,  Major,  MS 

William  G.  Cioffi,  Jr.,  MD,  Major,  MC 

Selene  R.  Watiwat,  Sergeant 

Karen  L.  Wolcott,  MS 

Arthur  D.  Mason,  Jr.,  MD 

Basil  A.  Pruitt,  Jr.,  MD,  Colonel,  MC 


We  have  initiated  a  study  of  the  role  of  macrophages  in  the 
response  of  burned  rats  to  infection  challenge.  Initial  studies 
have  centered  on  development  of  the  rat  MLR  as  an  assay  of 
antigen-presenting  capacity.  Rat  spleen  contained  cells  that 
suppressed  the  MLR.  Efforts  to  evaluate  the  response  of  purified 
rat  macrophages  were  frustrated  by  the  suppressive  action  of  these 
spleen  cells.  Rat  RBCs  or  rat  hemoglobin  reversed  the  inhibition 
of  the  MLR  in  a  dose-dependent  manner.  Further  studies  will  use 
natural  splenic  red  cells  to  reduce  the  suppression  of  the  MLR 
during  the  measurement  of  the  antigen-presenting  capacity  of 
splenic  macrophages . 
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IN  VITRO  ANTIGEN-PRESENTING  CAPACITY  OF  MACROPHAGES  FROM 
BURNED  RATS  AND  IN  VIVO  ASSESSMENT  OF  IMMUNOLOGICAL 
CONSEQUENCES  OF  DEFECTIVE  ANTIGEN  PRESENTATION 


Numerous  immunological  changes  have  been  reported  in  burn 
victims  and  none  have  been  accurately  linked  to  the  cause  of  the 
infection  susceptibility  seen  in  burn  patients.  One  of  the 
noteworthy  changes  is  found  in  the  function  of  antigen-presenting 
cells  (APCs) .  Since  the  macrophage  plays  a  central  role  in  the 
immune  response  to  infection,  it  is  important  to  characterize  more 
completely  the  functional  capacity  of  macrophages  after  burn  injury 
and  determine  its  relationship  to  infection  susceptibility. 

Recent  studies  by  others  have  also  begun  to  illuminate  the 
critical  role  played  by  APCs  in  T-lymphocyte  activation.  Under 
circumstances  which  lead  to  a  specific  immune  response,  APCs 
release  IL1  and  other  costimulatory  signals  upon  interaction  with 
T  lymphocytes  (1) .  This  leads  to  IL2R  expression  and  IL2 
production  by  T  lymphocytes,  thereby  establishing  a  positive 
self— generating  stimulus  and  subsequent  clonal  proliferation.  It 
is  becoming  apparent  that  the  delivery  of  appropriate  co3timulatory 
signals  by  APCs  is  critical  to  the  eventual  functional  status  of  T 
cells  and  other  lymphocytes  (2) .  For  example,  Jenkins  and  Schwartz 
(3)  demonstrated  that  mouse  T-cell  clones  are  induced  into  a  state 
of  proliferative  unresponsiveness  in  vitro  when  antigen  is 
presented  by  chemically  fixed  macrophages .  Apparently,  the  absence 
of  costimulatory  signals  which  are  normally  delivered  by  accessory 
cells  at  the  time  of  antigen  presentation  leads  to  intracellular 
ionic  changes  that  shunt  T  cells  into  an  anergic  state  (4)  .  A 
similar  phenomenon  has  recently  been  observed  in  vivo  (5)  where 
intravenous  injection  of  allogeneic,  nonantigen-presenting, 
la-bearing  cells  in  mice  induces  a  state  of  unresponsiveness  to 
"immunizing"  antigens.  In  this  system,  spleen  cells  from  normal 
mice  produce  a  vigorous  proliferative  response  in  the  MLR.  In  this 
system,  prior  exposure  to  Ia-like  antigens  on  cells  that  are 
incapabTe  of  delivering  cost imuiatory  signals  induces  an  anergic 
state  in  T  cells.  Analysis  of  anergized  T  cells  at  the  molecular 
level  has  demonstrated  that  antigen  presentation  results  in  the 
expression  of  IL2R,  but  these  cells  do  not  produce  IL2  and  are 
therefore  unable  to  proliferate  (6) . 

Defects  have  been  observed  in  antigen  presentation  by 
macrophages/monocytes  from  humans  and  animals  with  burn  injuries. 
These  findings  include  reduced  monocyte  activity  in  generating  a 
cellular  response  (7),  defective  antigen-presenting  capacity  of 
macrophages  that  can  be  partly  restored  by  exogenous  IL1  in  mice 
(8),  and  reduced  MLR  stimulatory  capacity  of  monocytes  from  human 
burn  victims  (9).  In  the  latter  studies,  both  humans  (9)  and 
animals  (10)  had  variably  reduced  MLR  responses  after  burn  injury, 
whereas  the  inability  of  mononuclear  cells  to  provide  stimulation 
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was  completely  lost  during  the  first  9  days  postburn  and  partially 
restored  thereafter. 

If  macrophage  function  is  altered  after  burn  injury,  it  may 
contribute  to  infection  susceptibility.  Understanding  how 
macrophage  function  changes  after  protective  vaccination  may 
suggest  several  potential  therapies  for  enhancing  infection 
resistance  by  modifying  macrophage  activity  after  burn  injury.  The 
objective  of  this  study  is  to  analyze  macrophage  function  after 
thermal  injury  in  the  Walker-Mason  burned  rat  infection  model 
before  and  after  burn  injury.  Our  hypothesis  is  that  macrophages 
from  burned  animals  are  poor  stimulators  in  MLRs  because  they  do 
not  deliver  appropriate  costimulatory  signals  which  would  normally 
induce  IL2  production  and  result  in  subsequent  proliferation  of 
responder  cells. 


MATERIALS  AND  METHODS 

Cell  Preparations.  Levis  and  Brown-Norway  rats  were 
anesthetized  with  sod  m  pentobarbital  (35  mg/kg  IP)  and 
exsanguinated  by  bleeding  om  the  portal  vein.  The  spleens  and 
lymph  nodes  were  removed  aseptically.  The  spleens  were  minced  with 
sterile  forceps  and  passed  through  60-mesh  wire  screens.  The  lymph 
nodes  were  minced  with  surgical  scissors,  disrupted  with  forceps, 
and  pressed  through  40-mesh  stainless  steel  wire  screens.  After 
the  cells  were  collected,  they  were  washed  three  times  in  HBSS  to 
remove  debris.  The  cells  were  then  separated  by  adherence  to 
plastic  Petri  dishes  (37°C  for  30  min)  or  by  gradient  purification 
(lympholyte— rat,  Cedarlane  Laboratories  Limited,  Hornby,  Ontario, 
Canada)  .  Stimulator  cells  were  treated  with  mitomycin  C  (50  )!g/ml 
final  concentration  incubated  for  45  min  at  37°C)  or  irradiation  to 
prevent  them  from  incorporating  the  3H-thymidine . 

MLR  Procedure.  Mixed-lymphocyte  cultures  were  generated  in 
96-well  tissue  culture  dishes  by  mixing  stimulator  spleen  cells 
with  preparations  of  lymph  node  cells  from  an  histoincompatible 
rat.  Cultures  were  maintained  for  3  days  at  37°C  in  an  humidified 
5%  C02  environment,  after  which  time  3H-thymidine  was  added  to  the 
cultures  for  measuring  the  proliferative  response.  Cells  were 
harvested  and  the  amount  of  thymidine  incorporation  determined  12  h 
later  as  a  measure  of  DNA  synthesis  occurring  in  the  activated 
responder  cells. 

Addition  of  RBCs  or  Hemoglobin.  In  certain  studies,  rat  RBCs 
or  rat  hemoglobin  was  added  to  the  MLR  culture.  Heparinized  blood 
drawn  during  exsanguination  w as  diluted  1:2  in  isotonic  saline, 
spun  at  3,000  rpm  for  10  min  at  4°C  and  the  dilute  serum  and  buffy 
coat  removed  with  a  Pasteur  pipette.  The  RBCs  were  resuspended  at 
the  previous  concentration  and  washed  three  times  in  cold  saline. 
Hemoglobin  was  prepared  by  freezing  packed  RBCs  in  an  acetone-dry 
ice  bath.  The  cell  preparation  was  frozen  and  thawed  4X  (0.5  min 
freeze,  1.5  min  thaw) .  The  ghosts  were  removed  by  centrifugation 
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and  the  hemoglobin  concentration  in  the  supernatant  was  determined 
by  reading  the  absorbance  at  540  nm  in  a  spectrophotometer. 

RESULTS 

The  classical  MLR  was  developed  using  leukocytes  from  mouse  and 
human  sources.  Adaption  of  the  reaction  to  rat  cells  has  not  been 
straight  forward.  Our  first  trials  showed  little  or  no  stimulation 
using  rat  spleen  and  lymph  node  cells.  A  typical  example  is  shown 
in  Table  1.  Stimulation  of  Brown-Norway  lymph  node  responder  cells 
by  density-purified  splenic  mononuclear  cells  resulted  in  only 
minimal  uptake  of  3H-thymidine .  Many  combinations  of  cellular 
density  and  ratio  of  stimulators  to  responders  were  attempted. 
Literature  reports  on  rat  MLRs  revealed  that  when  spleen  cells  were 
used  successfully  in  an  MLR,  they  either  were  not  separated  from 
splenic  RBCs  or  they  were  used  after  adherent  cells  were  removed 
from  the  cultures.  The  presence  of  "suppressive"  adherent  cells  in 
spleen  had  been  postulated  (12)  .  Lewis  spleen  stimulator  cells 
were  lysed  to  remove  RBCs  and  compared  to  spleen  stimulator  cells 
that  were  not  lysed  before  culture.  The  results  shown  in  Table  2 
indicate  that  leaving  the  RBCs  in  the  culture  enhanced  the 
mitogenic  response,  confirming  the  observation  from  the  literature. 


TABLE  1.  Rat  MLR  Mitogenic  Response  Using  Purified  Spleen  Cells 


Stimulator3 

ResDonderb 

S:R  Ratioc 

3Thvmidine  Uptake 

None 

Brown-Norway 

_ 

6,  631 

Brown-Norway 

Brown-Norway 

1:2 

9,  828 

Brown-Norway 

Brown-Norway 

1:1 

5,  684 

Brown-Norway 

Brown-Norway 

2  : 1 

3,  957 

Lewis 

Brown-Norway 

1:2 

9,  168 

Lewi  s 

Brown— Norway 

1 : 1 

12,968 

Lewis 

Brown-Norway 

2  : 1 

13,294 

aLewis  or  Brown-Norway  splenic  mononuclear  cells  v/ere  purified 
from  RBCs  and  granulocytes  by  gradient  density  centrifugation, 
treated  with  mitomycin  C,  and  cultured  as  stimulator  cells  at  the 
appropriate  concentration  to  give  the  ratio  indicated. 
bBrown-Norway  responder  lymph  node  cells  were  cultured  at  4  X  105 
per  well. 

cRatio  of  stimulator  cells  to  responder  cells. 


Since  our  experimental  design  required  that  we  use  the  adherent 
cells  as  stimulators,  we  further  investigated  the  nature  of  this 
phenomenon  to  find  possible  ways  to  circumvent  it.  Rat  MLRs 
consisting  of  gradient-purified  mononuclear  spleen  cells  as 
stimulator  cells  were  cultured  in  the  presence  of  various 
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TABLE  2.  Rat  MLR  Mitogenic  Response  with  RBC-Lysed  and  -Unlysed 
Splenocytes 


Responder0 

S:R  Ratio0 

Lvsis 

JThvmidine  Uptake 

None 

Brown-Norway 

__ 

961 

Lewis 

Brown-Norway 

1:2 

- 

3,  904 

Lewis 

Brown-Norway 

1:1 

— 

8,  186 

Lewis 

Brown-Norway 

2  : 1 

- 

11,547 

None 

Brown-Norway 

- 

+ 

415 

Lewis 

Brown-Norway 

1:2 

+ 

971 

Lewis 

Brown-Norway 

1 : 1 

+ 

728 

Lewis 

Brown-Norway 

2:1 

+ 

1,091 

without  purification  or  with  lysis  with  ammonium  chloride. 
bBrown— Norway  responder  lymph  node  cells  were  cultured  at 
2  X  105  per  well. 

cRatio  of  stimulator  cells  to  responder  cells. 


concentrations  of  allogeneic  RBCs  and  hemoglobin.  Figure  1  depicts 
the  MLR  response  of  Lewis  spleen  stimulator  cells  and  Brown-Norway 
responder  cells  in  the  presence  of  Lewis  RBCs  and  hemoglobin  from 
Lewis  RBCs.  The  MLR  response  increased  in  a  dose-dependent  manner 
as  increasing  concentrations  of  RBCs  were  added.  Hemoglobin  added 
in  approximately  equivalent  amounts  to  that  contained  in  the  RBCs 
was  even  more  effective  in  enhancing  DNA  synthesis  in  the  responder 
cells.  There  is  a  slight  enhancement  of  the  spontaneous  DNA 
synthesis  of  the  Brown-Norway  responder  cells  alone  when  either 
Lewis  RBCs  or  hemoglobin  was  added  to  the  culture.  In  order  to 
eliminate  the  possibility  that  allogeneic  antigens  on  the  RBCs  or 
hemoglobin  from  Lewis  rats  was  causing  the  enhanced  response, 
autologous  Brown-Norway  RBCs  and  hemoglobin  were  added  to  MLR 
cultures.  The  results  of  these  assays  are  illustrated  in  Figure  2. 
Essentially  the  same  enhancement  is  seen  with  the  autologous 
Brown-Norway  RBCs  and  hemoglobin  as  with  allogeneic  Lewis  RBCs. 
Cells  autologous  to  the  responder  cells  were  as  effective  as 
nonautologous  cells  in  enhancing  the  MLR  DNA  synthetic  response. 
Thus,  allogeneic  antigen  must  not  have  been  involved.  Since 
hemoglobin  was  as  effective  or  more  effective  than  the  RBCs,  the 
effect  must  have  been  due  to  hemoglobin.  The  conclusion  from  these 
studies  is  that  rat  spleen  cells  contain  cells  that  suppress  the 
MLR  mitogenic  response  and  that  the  suppression  can  at  least  partly 
be  reversed  by  hemoglobin. 


DISCUSSION 

Rat  cells  seem  to  be  unique  in  having  splenic  adherent  cells 
that  suppress  the  MLR  response.  In  fact,  several  authors  have  used 
the  phenomenon  as  a  model  for  suppression  (12,15).  The  effect  of 
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FIGURE  1.  Rat  MLR  versus  increasing  concentration  of  Lewis  RBCs  or  hemaglobin. 


hemoglobin  is  intriguing  and  provides  valuable  insight  into  the 
mechanism  of  suppression.  Langrehr  et  al  (14,15)  have  proposed 
that  rat  spleen  cells  suppress  MLR  responses  through  a  nitric  oxide 
mechanism.  Activated  macrophages  can  produce  nitric  oxide  from 
L-arginine.  In  support  of  that  mechanism,  Shirnomiya  et  al  (16) 
have  induced  suppression  of  MLRs  consisting  of  unpurified  rat 
spleen  cells  with  rat  liver  arginase  and  L-arginine.  Increased 
proliferation  of  ConA-stimulated  rat  spleen  cells  after  addition  of 
hemoglobin  was  reported  by  Albina  and  Henry  (17)  and  they 
attributed  the  enhanced  response  to  the  binding  of  nitric  oxide  by 
hemoglobin.  Additionally,  Webb  et  al  (18)  have  described 
suppressor  cells  in  tumor-bearing  rats  with  their  suppression  of 
ConA  stimulation  reversed  by  the  addition  of  RBCs. 

If  activation  of  macrophage  arginase  and  nitric  oxide 
production  are  the  mechanism  for  rat  spleen  cell  suppression,  then 
N-monomethyl-L-arginine,  a  competitive  inhibitor  of  nitric  oxide 
production,  should  reverse  the  suppression  and  facilitate  the  MLR 
mitogenic  response.  Studies  to  clarify  that  possibility  are  in 
progress.  If  N-monomethyl-L-arginine  can  effectively  reduce  the 
suppression,  it  may  allow  the  evaluation  of  antigen  presentation 
function  in  the  rat  MLR. 
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A  novel  mafenide  acetate  compound,  mafenide  phosphanilate 
(ISR-55),  has  been  synthesized.  The  compound  was  designed  to 
expand  the  antimicrobial  spectrum  and  potency  of  mafenide  acetate 
and  has  been  shown  in  vivo  to  have  at  least  five  times  the  potency 
of  mafenide  acetate.  In  addition,  a  model  of  surface 
burn-dependent  suscephabil.ity  to  Pseudomonas  aeruginosa 
bronchopneumonia  has  been  developed. 
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ALTERATION  OF  HOST  RESISTANCE  IN  BURNED  SOLDIERS 


New  Antibiotics  in  Clinical  Use.  The  parenteral  antibiotic 
agents,  ceftazidime,  ceftriaxone  sodium,  and  aztreonam,  were  used 
clinically  for  the  second  year.  The  fluoroquinolone  agents, 
ciprofloxacin  and  norfloxacin,  were  introduced.  Results  of  in 
vitro  testing  are  presented  in  Table  1. 


TABLE  1.  Activity  of  Newly  Released  Antibiotics  for  Fiscal  Years 
1986-91 


Fiscal  Year 

1986 

1987 

1988 

1989 

1990 

1991 

Aztreonam* 

Resistant 

162 

(14.5) 

119 

(10.5) 

540 

(25.3) 

602 

(36.8) 

669 

(30.4) 

966 

(27.7) 

Sensitive 

955 

1,009 

1,  593 

1, 035 

1,529 

2,  518 

Ceftazidimeb 

Resistant 

165 

(16.6) 

248 

(12.5) 

480 

(15.4) 

683 

(22.3) 

531 

(15.9) 

764 

(22.6) 

Sensitive 

829 

1,731 

2,  633 

2,374 

2,805 

2,610 

Ceftriaxone  Sodium*3 

Resistant 

287 

(29.7) 

267 

(13.5) 

843 
(27 . 0) 

786 

(25.8) 

885 

(28.2) 

1,497 

(44.2) 

Sensitive 

678 

1,708 

2,279 

2,265 

2,449 

1,892 

Norfloxacin*3 

Resistant 

108 
(  8.3) 

24 

(  1.6) 

41 

(  1.9) 

198 

(12.1) 

129 
(  5.9) 

416 

(17.2) 

Sensitive 

1,187 

1,472 

2,  158 

1,439 

2,070 

2,000 

(  )  =  Percent  resistant.  “Against  Gram-negative  aerobic  flora. 
bAgainst  all  flora  except  oxacillin-resistant  Staphylococcus 
aureus . 


Experimental  Topical  Agents.  Mafenide  acetate  was  examined  for 
in  vitro  activity  against  Pseudomonas  aeruginosa  isolated  from  43 
burned  patients.  Agar  dilution  minimal  inhibitory  concentration 
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(MIC)  assays  were  completed  on  158  strains.  The  median  MIC  was 
0.156  g/100  ml,  a  decrease  from  the  Fiscal  Year  1990  value  of 
0.312  g/100  ml.  Data  comparing  the  past  three  reporting  periods 
are  presented  in  Table  2  and  the  cumulative  display  of  MIC  for 
Fiscal  Year  1991  is  presented  at  Figure  1. 


TABLE  2.  Minimal  Inhibitory  Concentration  for  Pseudomonas 


aeruginosa  Strains 
88-91 

to  Mafenide 

Acetate 

for  Fiscal 

Years 

Mafenide  Acetate 
Concentration 
(a/100  ml) 

Number  of 

Strains 

1988 

1989 

1990 

1991 

0.019 

10 

24 

2 

13 

0.039 

16 

11 

18 

24 

0.078 

36 

26 

15 

31 

0.156 

39 

50 

38 

51 

0.312 

42 

59 

61 

32 

0.625 

13 

23 

36 

7 

1.250 

2 

- 

_ 6 

Total  Number  of  Strains 

158 

193 

176 

158 

Three  experimental  compounds  were  tested  for  topical 
antipseudomonal  chemotherapeutic  activity.  Compounds  were  tested 
in  the  Walker-Mason  scalded  rat  model  with  Pseudomonas  aerguinosa 
(Strain  59-1244)  as  the  test  organism.  All  compounds  were 
initiated  24  h  after  burn  inoculation.  Table  3  shows  the  results 
of  a  silver  chloride  titanium  dioxide  product  (JMAC®, 
Johnson-Matthey  Company),  Table  4  shows  the  results  of  a  product 
called  Ultra-Kleen®  (Ridgely  Products  Corportion) ,  and  Table  5 
shows  the  results  of  a  topical  preparation  containing 
myeloperoxidase  (ExOxEmis  Corporation) .  These  products  did  not 
demonstrate  chemotherapeutic  activity. 

Serologic  Types  of  Pseudomonas  aeruginosa  Isolated  from  Burn 
Pationts .  Pseudomonas  aeruginosa  isolates  from  burned  patients 
were  serotyped  using  the  Difco  International  Typing  Sera™  set  and 
autoclaved  bacterial  suspensions.  Strains  were  selected  on  the 
basis  of  having  a  distinct  antibiotic  sensitivity  pattern  for  each 
patient.  Data  are  presented  at  Figure  2  as  total  number  of 
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FIGURE  1.  Cumulative  distribution  of  MIC  for  mafenide  acetate  against  Pseudomonas 


TABLE  3.  Examination  of  Silver  Chloride  Titanium  Dioxide  (JMAC®) 
in  Pseudomonas  aeruginosa-infected  Rats 


Group 

Number  of 
Total 

Animals 

Dead 

Mortality 

_(%) 

Control 

30 

29 

96.7 

Silver  sulfadiazine 

30 

1 

3.3 

Mafenide  acetate 

10 

7 

70.0 

JMAC®  carrier 

20 

20 

100.0 

2%  JMAC® 

20 

19 

95.0 

5%  JMAC® 

20 

19 

95.0 

5%  JMAC®/ Unibase® 

9 

9 

100.0 

TABLE  4.  Examination  of  Ultra-Kleen®  in 

aeruginosa-infected  Rats 

Pseudomonas 

Number  of 

Animals 

Mortality 

Group 

Totai 

.(%>_  . 

Control 

9 

9 

100.0 

Silver  sulfadiazine 

9 

1 

11.1 

2%  Ultra— Kleen® 

10 

10 

100.0 

5%  Ultra— Kleen® 

10 

9 

90.0 

5%  Ultra-Kleen®  mist 

10 

10 

100.0 

patients  with  each  serotype  and  total  number  of  isolates  per 
serotype . 


PRESENTATIONS /PUBLICATIONS 

McManus  AT:  Demonstrated  value  of  infection  control  in  burns. 
Presented  to  the  Society  of  Plastic  Surgeons  of  Taiwan,  Taiwan, 
China,  19  November  1990. 
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TABLE  5.  Examination  of  a  Topical  Preparation  Containing 
Myeloperoxide  in  Pseudomonas  aeruginosa-infected  Rats 


Grouo 

Number 

Total 

of  Animals 

Dead 

Mortality 

(%) 

Control 

20 

20 

100.0 

Silver  sulfadiazine 

20 

6 

30.0 

Mafenide  acetate 

9 

7 

77.8 

Myeloperoxidase 

20 

20 

100.0 

Myeloperoxide  in 
nonionic  carrier 

10 

10 

100.0 

McMarius  AT:  Demonstrated  value  of  infection  control  in  burns. 
Presented  to  the  Department  of  Plastic  Surgery,  National  Defense 
Medical  Center  and  Tri-Service  General  Hospital,  Taipei,  China, 
21  November  1990. 

McManus  AT:  Infection  control  in  burns.  Presented  to  the 
Department  of  Microbiology,  Chinese  University  of  Hong  Kong  Medical 
School,  Victoria,  Hong  Kong,  23  November  1990. 

Denton  CL:  Identification  of  endemic  Serratia-marcescens  in  a 
burn  ICU  by  pulsed  field  electrophoresis.  Presented  at  the  91st 
General  Meeting  of  the  American  Society  for  Microbiology,  Dallas, 
Texas,  6  May  1991. 

Guymon  CH:  Yeast  colonization  and  infection  in  seriously 
burned  patients.  Presented  at  the  91st  General  Meeting  of  the 
American  Society  for  Microbiology,  Dallas,  Texas,  8  May  1991. 

McManus  AT:  Control  of  Pseudomonas  aeruginosa  infection  in 
burned  patients.  Presented  at  the  5th  Annual  Meeting  of  the 
Surgical  Infection  Society  -  Europe,  Athens,  Greece,  25  May  1991. 
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Previous  studies  have  indicated  that  the  presence  of  neopterin 
in  serum  might  be  useful  as  an  early  indicator  of  infection  in 
patients  with  thermal  injury.  Neopterin  levels  were  measured  in  a 
series  of  burn  patient  urine  and  sera.  The  amount  of  neopterin 
present  was  quantified  by  reverse-phase  HPLC.  Sample  integrity  was 
verified  by  monitoring  creatinine  clearance.  Urine  neopterin 
levels  in  burn  patients  were  about  equal  to  those  of  healthy 
control  subjects  during  the  first  week  postburn  and  gradually 
reached  400%  to  500%  of  control  by  the  end  of  8  weeks.  Serum 
levels  of  neopterin  were  within  the  range  of  healthy  control 
subjects  during  the  first  week  postburn,  gradually  increased  3-  to 
4-fold  by  postburn  week  5,  and  returned  to  more  normal  levels  by 
postburn  week  8.  There  was  no  correlation  of  neopterin  levels  with 
burn  size.  A  preliminary  analysis  of  samples  from  patients  with 
bactermia,  pneumonia,  and  wound  infections  revealed  that  serum 
levels  of  neopterin  were  increased  in  bacteremic  patients  and 
decreased  in  patients  with  pneumonia  and  wound  infection  compared 
to  patients  without  infection;  however,  with  the  current  number  of 
patients,  none  of  these  changes  were  statistically  significant. 
Urine  levels  were  decreased  in  all  infected  patients  compared  to 
those  of  uninfected  patients.  Though  unexpected,  the  lower  levels 
of  neopterin  found  in  urine  may  have  some  utility  in  the  diagnosis 
of  infection.  Collection  and  analyses  of  patient  samples  and 
evaluation  of  the  results  continues. 


CHARACTERIZATION  OF  BIOCHEMICAL  INDICATORS  OF  INFECTION 

IN  THE  THERMALLY  INJURED 


Abnormal  levels  of  hormones  (1,2),  acute-phase  proteins  (3,4), 
and  fluorescent  substances  (5)  in  blood  and  plasma  occur  in  the 
presence  of  inflammation,  and/or  infection  in  burned  humans  and 
animals.  Their  presence  in  blood  partly  reflect  a  metabolic 
response  to  both  trauma  and  infection.  An  easily  measured 
biochemical  metabolite  in  serum  or  blood  specific  to  infection  that 
would  permit  monitoring  of  the  response  to  infection  separate  from 
the  response  to  trauma  might  have  diagnostic  utility.  We  have 
previously  reported  the  presence  of  increased  levels  of  neopterin 
in  the  sera  of  burn  patients  compared  to  healthy  control  subjects 
(6)  . 


Neopterin  is  secreted  by  activated  cultures  of  mononuclear 
leukocytes  and  is  excreted  in  increased  amounts  by  humans  whose 
immune  systems  are  responding  to  viral  infection  (7),  including  HIV 
(8,9),  tuberculosis  (10),  and  sepsis  (11-13).  Neopterin  has  been 
used  as  a  prognostic  indicator  for  certain  kinds  of  cancer  (14)  and 
as  a  measure  of  transplant  rejection  (15) .  Despite  its  widespread 
presence,  no  physiological  role  for  neopterin  has  been  found.  Its 
precursor,  dihydroneopterin  triphosphate,  is  also  a  precursor  of 
tetrahydrobiopterin  which  is  a  cofactor  in  hydroxylation  reactions, 
particularly  the  hydroxylation  of  phenylalanine  to  form  tyrosine, 
the  precursor  of  serotonin  and  the  catecholamines . 

The  presence  of  elevated  levels  of  neopterin  in  burn  patients 
and  the  demonstrated  utility  of  neopterin  levels  in  other  clinical 
settings  led  us  to  investigate  further  the  potential  usefulness  of 
neopterin  measurement  in  serum  and  urine  in  the  diagnosis  of 
infection  in  burn  patients. 

MATERIALS  AND  METHODS 

Study  Design.  A  total  of  632  serum  and  urine  samples  drawn  for 
clinical  purposes  were  used  in  this  study.  The  size  of  burn  in 
this  group  of  patients  ranged  from  5.5%  to  89.5%  of  the  total  body 
surface  area,  with  an  average  of  49.4%.  Samples  were  obtained  from 
89  different  patients  on  approximately  a  weekly  basis.  Blood 
samples  were  drawn  at  0600  at  the  end  of  a  24-h  urine  collection 
period.  Neopterin  and  creatinine  were  determined  in  each  sample. 
Neopterin  values  were  reported  as  concentration  (ng/ml)  or  as 
nanograms  neopterin  per  milligram  percent  creatinine  to  compensate 
for  variations  in  the  renal  flow'.  Since  serum  and  urine  neopterin 
concentrations  could  be  affected  by  renal  function,  creatinine 
clearance  was  calculated  for  each  patient  to  permit  screening  for 
renal  sufficiency.  Infections  were  diagnosed  according  to  the 
criteria  reported  previously  (16). 
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Neopterin  levels  were  determined  in  serum  (300  Ml)  that  was 
deproteinized  by  adding  200  Ml  of  0.12N  potassium  phosphate  buffer 
(final  pH  4.5)  and  incubating  at  100°C  in  an  oil  bath  for  20  min. 
The  mixture  was  centrifuged  at  20,000  g  for  20  min  and  filtered 
through  a  0.45  M  filter  (Rainin,  Woburn,  MA)  .  A  200-m1  aliquot  of 
the  supernatant  was  injected  directly  on  the  HPLC.  Urine  samples 
were  prepared  by  a  dilution  of  1:10  with  water.  Cloudy  samples 
were  filtered  with  a  0.45  m  filter.  A  10 -Ml  sample  was  injected 
directly  onto  the  HPLC. 

HPLC  Analysis  of  Neopterin.  The  chromatograph  was  a  Model  1090 
(Hewlett-Packard,  3200  Hillview  Avenue,  Palo  Alto,  CA  94304) 
liquid  chromatograph  with  a  Biophase™  ODS  reverse  phase 
4.6  X  250  mm  column  (Bioanalytical  Systems,  West  Lafayette,  IN). 
The  mobile  phase  consisted  of  0.05M  ammonium  acetate  (pH  7.0). 
Column  temperature  was  maintained  at  45°C  and  the  flow  rate  was  1.0 
ml/min.  The  HPLC  was  equipped  with  a  Kratos™  fluorescence  detector 
(Model  980,  Kratos  Analytical,  Ramsey,  NJ)  with  a  25-m1  flow  cell. 
The  excitation  monochronometer  was  set  at  350  nm  and  the  emission 
cutoff  filter  was  at  389  nm.  The  retention  times  for  standard 
neopterin  (Sigma  Chemical  Company,  St.  Louis,  MO)  were  determined 
using  10  Ml  of  a  standard  solution  of  pterins  (10  ng/ml) .  The 
amount  of  neopterin  was  determined  using  a  Model  3392A  integrator 
(Hewlett-Packard  Company,  Waltham,  MA) . 

RESULTS 

Previous  studies  have  used  serum  creatinine  or  urine  creatinine 
values  to  correct  for  variations  in  the  concentration  of  neopterin 
due  to  variations  in  renal  excretion  rates  (17,18).  Neopterin  is 
normally  removed  from  the  blood  rapidly  by  the  kidneys.  When 
glomerular  filtration  rates  are  decreased  during  renal 
insufficiency,  neopterin  can  build  to  high  levels.  To  monitor  for 
this  condition,  the  serum  and  urine  samples  used  in  this  report 
were  analyzed  for  creatinine  and  neopterin.  Creatinine  clearance 
was  calculated  from  the  ratio  of  urine  to  serum  creatinine  and 
urine  volume.  The  effect  of  low  glomerular  flow  on  the  level  of 
neopterin  measured  is  illustrated  in  Figure  1.  Serum  neopterin 
concentrations  were  averaged  for  samples  with  creatinine  clearance 
rates  falling  within  consecutive  4  ml/min  ranges  and  the  resulting 
means  were  plotted  against  the  creatinine  clearance  ranges.  When 
clearance  rates  fell  below  50  ml/min,  serum  neopterin  values 
increased  sharply. 

The  limitation  of  using  serum  creatinine  values  to  correct  for 
decreased  excretion  can  be  deduced  from  Figure  2.  Creatinine 
clearance  values  for  all  patient  samples  were  averaged  for  samples 
with  serum  creatinine  concentrations  failing  within  consecutive 
C.25  mg%  ranges.  In  order  for  creatinine  values  to  be  useful  for 
correcting  for  large  variations  in  creatinine  clearance,  the  serum 
creatinine  values  must  vary  in  a  predictable  way  with  creatinine 
clearance.  As  can  be  seen  in  Figure  2,  serum  creatinine  varies 
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predictably  with  creatinine  clearance  over  a  relatively  short  range 
of  0.5  to  2.  Thus,  serum  creatinine  values  would  be  ineffective  in 
correcting  for  variations  in  excretion  rates  outside  these  ranges. 
In  fact,  creatinine  clearance  rates  fall  below  50  ml/min  at  serum 
creatinine  values  of  about  1.5  mg%.  Since  the  measurement  of  serum 
neopterin  levels  reflects  mainly  renal  insufficiency  below  that 
point  (fig  1),  serum  creatinine  would  only  be  useful  as  a 
correction  factor  over  the  range  of  0.5  to  1.5  mg% . 

The  potential  problems  in  data  interpretation  revealed  by  the 
pattern  of  neopterin  and  creatinine  excretion  at  various  creatinine 
clearance  rates  were  prevented  by  eliminating  from  consideration 
all  samples  with  a  creatinine  clearance  rate  of  <  50  ml/min. 
Creatinine  clearance  is  a  more  direct  measure  of  renal  function 
than  serum  creatinine  and  should  better  protect  sample  integrity 
and  data  interpretation.  Urine  values  of  neopterin  were  reported 
per  milligram  percent  creatinine  to  conform  to  literature 
convention  and  for  ease  of  comparison  to  serum  values .  As  a 
practical  matter,  there  was  no  difference  in  the  statistical 
analysis  using  simple  concentration  or  creatinine  normalized 
values . 

Statistical  Analysis.  Preliminary  analysis  of  the  data  from 
the  patient  samples  was  performed.  Figure  3  is  a  depiction  of  the 
variation  of  neopterin  concentrations  in  serum  and  urine  as  a 
function  of  time  postburn.  Urine  neopterin  values  are  normal 
immediately  following  burn  injury  and  steadily  increase  to  4-5 
times  that  of  the  levels  found  in  controls  by  8  weeks  postburn. 
Serum  values  are  at  normal  levels  immediately  following  injury  and 
increase  3-  to  4— fold  above  control  by  5  weeks  postburn  and  return 
to  more  normal  ranges  by  8  weeks  postburn. 

Neopterin  concentration  was  also  analyzed  for  correlation  with 
burn  size.  Figure  4  depicts  mean  serum  and  neopterin  levels  as  a 
function  of  burn  size.  Neopterin  values  for  patients  falling 
within  successive  10%  increments  in  total  body  surface  area  burn 
size  were  averaged  for  each  increment.  There  was  no  apparent 
correlation  of  neopterin  levels  in  serum  or  urine  with  burn  size. 

A  preliminary  analysis  of  samples  from  patients  diagnosed  for 
pneumonia,  bacteremia,  and  wound  infection  is  depicted  in  Figure  5. 
There  was  a  slight  numerical  increase  in  serum  neopterin  levels  in 
bacteremic  patients  and  a  decrease  in  patients  who  had  pneumonia 
and  wound  infections  compared  to  patients  who  had  no  infections; 
however,  with  the  number  of  patients  currently  studied,  none  of 
these  changes  were  statistically  significant.  Increased  levels  of 
serum  neopterin  in  bacteremic  patients  have  been  previously 
reported  for  a  group  of  patients  in  an  earlier  study  (6) . 
Neopterin  concentrations  in  urine  samples,  however,  were  sharply 
decreased  for  all  three  groups  compared  to  patients  who  remained 
uninfected. 
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various  types  of  infection  or  no  infection.  The  bars  represent  the  mean 
values  taken  for  all  samples  from  patients  experiencing  a  particular 
infection  regardless  of  time  of  infection  diagnosis.  The  upper  bar 
represents  mean  ±  SEM.  **  =  P  <  0.01;  ***  =  P  <  0.05. 


DISCUSSION 


The  utility  of  neopterin  in  the  clinical  diagnosis  of  infection 
depends  on  the  specificity  of  the  response  and  its  clear 
association  with  episodes  of  infection.  The  specificity  of 
neopterin  is  derived  from  its  excretion  from  gamma 
interferon-activated  macrophages  during  an  immune  response  (19). 
This  specificity  can  be  compromised  in  serum  by  the  complication  of 
impaired  renal  function.  A  recent  paper  by  Godai  et  al  (20) 
demonstrated  that  serum  neopterin  was  closely  related  to  glomerular 
filtration  rates  in  patients  with  chronic  renal  disease.  Renal 
dysfunction  is  common  in  trauma  patients.  Several  reports  in  the 
literature  have  related  increased  levels  of  serum  neopterin  to 
patients  who  are  usually  referred  to  as  "septic"  (11-13) .  Since 
serum  creatinine  levels,  and  not  creatinine  clearance,  were  used  to 
screen  data  from  the  patients  in  these  studies,  it  is  possible  that 
the  presence  of  renal  insufficiency  may  not  have  been  adequately 
identified  in  those  patient  populations.  In  the  current  study, 
urine  neopterin  levels  did  not  appear  to  be  as  sensitive  to  renal 
function  as  serum  levels  and  urine  may  be  better  suited  for 
evaluation  of  neopterin  production  in  the  burn  patient. 

Further  analysis  of  the  data  and  the  addition  of  more  patients 
may  shed  more  light  on  the  efficacy  of  urine  or  serum  neopterin 
concent rations  as  an  aid  to  infection  diagnosis. 
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CONTINUATION  OF  DD  FORM  1498  FOR  THE  PROJECT  ENTITLED  "ROLE  OF 
THYROID  HORMONES  IN  BURN  PATHOPHYSIOLOGY" 


T4  or  T3  could  be  detected  when  present  in  amounts  approximately 
equal  to  that  of  tracer  T3.  The  recovery  and  practical  specificity 
(both  near  100%)  of  this  method  suggest  that  IMPT  may  represent  a 
substantial  improvement  over  other  tracer  detection  methods  and  may 
thus  provide  a  means  to  study  T4  and  T3  kinetics  in  burned  rats  and 
humans . 
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ABSTRACT 


PROJECT  NUMBER:  3M161102BS14 ,  Research 

PROJECT  TITLE:  ROLE  OF  THYROID  HORMONES  IN  BURN  PATHOPHYSIOLOGY: 

Immunoprecipitation  (IMPT)  Recovery  and 
Specificity  for  Tracer  Hormone  Determination 

INSTITUTION:  US  Army  Institute  of  Surgical  Research,  Fort  Sam 

Houston,  San  Antonio,  Texas  78234-5012 

PERIOD  COVERED  IN  THIS  REPORT:  1  October  1990  -  30  September  1991 

INVESTIGATORS:  George  M.  Vaughan,  MD,  Colonel,  MC 


Reaction  of  aliquots  of  a  serum  sample  containing  tracer  T4  or 
T3  with  zero  and  three  or  four  concentrations  of  homologous 
monoclonal  antibody  to  T4  or  T3  yields  precipitated  (bound)  counts 
that  vary  with  the  amount  of  antibody  present  and  with  the  sample 
type.  However,  in  this  IMPT  procedure,  the  logistic  projection  of 
the  maximally  bound  (Bmax)  at  infinite  antibody  concentrations  did 
not  vary  with  sample  type,  whether  endogenous  amounts  of 
iodothyronine  were  normal,  reduced,  or  removed.  For  T4  and  T3,  the 
logistic  IMPT  Bmax  represented  essentially  complete  recovery  of  the 
iodothyronine  present.  Crossreactivity  of  T4  antibody  with  T3  and 
rT3  was  not  of  a  magnitude  that  would  interfere  with  serum  tracer 
T4 *  determination  in  T4  kinetic  studies.  No  crossreaction  of  T-, 
antibody  with  tracer  T4  or  rT3  was  detected.  This  method  is 
simpler  than  previously  described  techniques  used  for  the  same 
purpose  (quantitation  of  tracer  T4  or  T3  after  introduction  of  the 
respective  compound  into  the  circulation),  and  gives  the  advantage 
of  virtually  complete  recovery. 
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ROLE  OF  THYROID  HORMONES  IN  BORN  PATHOPHYSIOLOGY: 
IMMONOPRECIPITATION  (IMPT)  RECOVERY  AND  SPECIFICITY 
FOR  TRACER  HORMONE  DETERMINATION 


Kinetic  parameters  of  thyroid  hormone  economy  in  burn  injury 
have  not  been  adequately  determined.  Single-pulse  intravenous 
injection  of  tracer  amounts  of  thyroxine  (T4),  triiodothyronine 
(T3)  ,  or  reverse  triiodothyronine  (rT3)  labeled  with  radioactive 
iodine  ordinarily  allows  the  determination  of  some  of  the 
particular  hormone's  kinetic  parameters,  such  as  volume  of 
distribution,  plasma  clearance  rate,  disposal  and  secretion 
(turnover)  rate,  and  average  resident  time,  all  from  the  serum 
decay  pattern  of  the  injected  iodothy ronine  (1—13) .  Further,  such 
kinetics  of  any  two  iodothyronine  hormones  can  be  investigated 
simultaneously,  if  each  is  labeled  with  a  different  isotope  (125I 
or  131I)  and  the  labels  in  serum  can  be  separated  in  a  dual-channel 
gamma  scintillation  detector.  Whether  one  tracer  is  injected  alone 
or  simultaneously  with  another  one,  if  the  only  labeled 
iodothyronines  targeted  for  determination  in  the  circulation  are 
the  parent  compounds  that  were  injected,  then  the  kinetic 
parameters  derived  are  those  of  the  injected  tracers,  without 
further  elucidation  of  conversion  rate  parameters  for  the  formation 
of  specific  daughter  iodothyronines.  In  this  situation,  analysis 
can  be  performed  adequately  if  the  serum  radioactivity  present  in 
iodothyronine  moieties  can  be  chemically  isolated  from  radioactive 
iodide  and  iodoprotein  formed  from  metabolism  of  the  injected 
iodothyronine  hormone,  because  it  has  been  thought  that  other 
metabolites  (less  iodinated  daughter  iodothyronines)  do  not 
accumulate  sufficiently  to  affect  the  results.  This  separation  of 
iodothyronine  from  serum,  where  it  is  avidly  bound  by  serum  carrier 
proteins,  and  where  labeled  iodide  and  iodoprotein  also  accumulate, 
is  usually  accomplished  by  one  of  several  general  methods. 

Trichloroacetic  Acid  (TCA) /Alcohol .  TCA  precipitation  of 
protein-bound  iodothyronine  and  of  iodoprotein  eliminates  most  of 
the  iodide  and  allows  alcohol  extraction  of  iodothyronine  (1-7). 
The  alcohol  is  usually  ethanol  or  acidified  butanol.  This  method 
is  problematic  in  that  the  TCA  may  precipitate  up  to  20%  of  the 
iodide,  depending  on  the  relative  volume  of  TCA  and  whether  more 
TCA  is  used  to  wash  the  precipitate.  Further,  use  of  more  TCA  may 
remove  some  of  the  iodothyronine  from  the  precipitate.  Thus,  the 
extraction  of  the  precipitate  with  alcohol  (though  removing 
iodothyronine  very  efficiently)  may  recover  labeled  iodothyronine 
poorly  (a  result  sustained  to  minimize  contamination  with  labeled 
iodide  after  more  TCA) ,  or  may  recover  labeled  iodothyronine  well 
but  include  erroneous  iodide  radioactivity  after  less  TCA  (14). 
Many  reports  with  this  method  have  not  specified  the  recovery  or 
the  error  from  iodide  contamination,  though  one  (1)  claims  100% 
recovery  of  labeled  T3  without  giving  details  of  the  methods  and 
calculations  for  recovery,  another  (3)  specifies  a  recovery  of  90% 
for  T4  and  85%  for  T3,  and  another  (7)  cites  90%  recovery  of  T3. 
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Though  contamination  by  labeled  iodoprotein  is  usually 
considered  negligible  with  this  method,  labeled  iodide 
contamination  may  be  a  factor,  particularly  with  greater  recovery 
and  may  confound  interpretation  of  reported  recovery.  In  contrast, 
the  following  methods  are  not  associated  with  significant 
contamination  by  either  iodide  or  iodoprotein  radioactivity. 
Consequently,  the  most  relevant  factors  are  their  labeled 
iodothyronine  recovery,  complexity,  and  usefulness  for  additional 
daughter  iodothyronine  separation  or  elimination. 

Washed  Matrix.  Extraction  of  labeled  iodothyronine  onto  a 
solid  matrix  allows  iodide  and  iodoprotein  to  be  washed  free 
(8-11) .  Examples  of  recovery  have  been  55%  for  and  58%  with  a 
resin  column  (8),  "virtually  all"  (?  100%)  for  T4  with  PD-10 
columns  but  without  details  given  (9),  and  85%  (10)  and  79%  (11) 
for  rT3  with  C18  Sep-Pak™  cartridges .  Extraction  of  serum  over  a 
SephadexfH  gel  column  in  alkaline  medium  and  buffer  elution  of 
iodide  and  iodoprotein  allow  subsequent  use  of  whole  normal  serum 
to  elute  iodothyronines  for  99%  recovery  of  T4  and  T3  (33,  citation 
discussed  again  below) . 

Ethyl  Acetate/Butanol  (EAB)  Extraction.  Extraction  of 
acidified  samples  with  9:1  ethyl  acetate/butanol  leaves  the  iodide 
and  iodoprotein  in  the  aqueous  layer.  Recoveries  have  been  57%  for 
T4,  55%  for  T3  (12),  75%  for  T4,  and  68%  for  T3  (13). 

Gel  Separation  with  Antibody  Elution  (GSAE) .  Application  of 
serum  to  a  Sephadex™  gel  column  in  an  alkaline  (NaOH)  medium  allows 
the  iodothyronines  to  dissociate  from  binding  proteins  and  adhere 
to  the  gel,  whereupon  the  iodide,  iodoprotein,  and  binding  proteins 
are  washed  away.  A  lower  pH  buffer  containing  specific  antibody 
then  elutes  off  the  iodothyronine  in  question  with  a  much  lower 
volume  than  if  the  buffer  does  not  contain  antibody  (14-20). 
Adequacy  of  recovery  might  be  influenced  by  the  amount  of 
nonradioactive  target  iodothyronine  present,  since  only  one 
concentration  of  antibody  can  be  used.  Though  one  report  (14) 
claimed  98%  recovery  of  labeled  T,  with  normal  or  elevated 
endogenous  T3,  another  (16)  cited  only  92%  recovery  of  labeled  Tn 
from  samples  with  normal  total  T3,  and  another  (17)  cited  only  50% 
to  90%  for  a  number  of  iodothyronines  including  T4,  T3,  and  rT3. 
Others  (15,18,19)  did  not  mention  recovery  values.  A  perceived 
advantage  of  this  method  is  that  the  use  of  an  antibody  adds  some 
specificity  to  the  recovered  activity,  diminishing  the 
contamination  of  the  obtained  counts  by  metabolic  daughter  products 
of  the  injected  material.  The  extent  of  effectiveness  in  this 
regard  is  not  entirely  clear.  Theoretically,  it  may  contribute 
some  if  the  target  iodothyronine  for  measurement  is  the  originally 
injected  one  (since  daughter  product  label  accumulates  to  lesser 
levels  in  serum  in  a  kinetic  study)  and  if  antibody 
crossreactivities  with  daughters  are  low.  However,  if  the  target 
labeled  compound  is  a  daughter  iodothyronine  in  the  presence  of  the 
much  larger  amounts  of  the  labeled  parent  compound,  this  method 


356 


would  become  even  more  questionable  and  has  not  been  demonstrated 
to  be  of  use.  The  higher  the  (one)  concentration  of  antibody  that 
is  used,  the  better  the  recovery  but  the  more  nonspecific  i3  the 
method  (20)  . 

1MPT.  Reaction  of  a  serum  sample  with  specific  antibody  is 
said  to  recover  70%  to  85%  of  T3  or  rT3  (21)  or  90%  of  T3  (7). 
Since  only  one  concentration  of  antibody  was  used,  there  was  a 
great  risk  of  influence  on  recovery  by  the  amount  of  endogenous 
target  iodothyroriine  present  (20),  though  this  was  not  usually 
explored. 

Another  report  (22)  utilized  this  approach  in  combination  with 
a  complicated  preliminary  EAB  extraction  (and  concentration)  and 
further  resin  column  extraction  of  label  from  urine.  Daughter  T-, 
label  together  with  i.njected  labeled  parent  T4  appears  in  urine 
with  the  T i  enriched  relative  to  T4,  compared  to  the  very  small 
amounts  of  T3  relative  to  parent  T4  simultaneously  present  in 
plasma.  T3  antibody  was  used  to  immunoprecipitate  the  labeled  T-, 
from  extracted  and  concentrated  total  urinary  iodothyronine,  with 
an  unreported  IMPT  recovery  for  T3  and  an  overall  (extraction  + 
1MPT)  recovery  of  only  18%.  Again,  the  single  dose  of  antibody 
exposes  the  result  to  variation  of  IMPT  recovery  based  on  the 
amount  of  endogenous  T3  present.  With  the  advantage  in  urine  of 
the  relatively  large  amount  of  T3  label  in  proportion  to  the 
(though  still  somewhat  larger)  amount  or  T.  parent  lanei,  it  was 
implied  (but  not  shown)  that  no  labeled  T4  was  determined  as  T,. 
Further,  it  is  possible  that  labeled  T3  and/or  rT,  daughter 
products  wore  not  adequately  excluded  from  the  labeled  T- 
measurement .  These  products  are  more  concentrated  (relative  to 
parent  compounds)  in  urine  than  in  plasma.  The  relevance  or 
utility  of  the  complicated  extraction/concentration  procedure  prior 
to  IMPT,  particularly  if  use  of  serum  samples  is  contemplated,  is 
riot  clear.  The  extremely  poor  recovery  is  likely  due  to  this 
preparatory  phase  and  might  mitigate  the  advantage  of.  concentration 
from  larger  sample  volumes. 

Another  IMPT  procedure  (23)  was  used  to  analyze  normal  human 
serum  samples  spiked  with  tracers  of  various  i  'dotby  roninea  and 
their  products,  but  this  was  also  complex  and  potentially 
problematic.  Alter  gel  column  adsorption  of  iodxde,  the  eluate  was 
treated  sequentially  with  one  dose  of  single  antibody  to  rT,  and 
then  to  T  to  remove  rT-.,  then  T3,  as  precipitates,  and  the 
supernatant  was  cycled  three  times  on  a  resin  column  to  absorb  T., 
for  subsequent  elution  ol  iodoprotein.  The  recoveries  were 
reported  as  98>.  for  T,}/  95%  for  T,,  and  88%  for  rT,.  However,  the 
T  result  was  contaminated  by  1  .  8%  (iodide),  9.1%  (rT,),  3.0i  (T,), 
and  3.1%  (iodoprotein)  of  the  other  elements;  and  potential 
daughters  of  T/(  (T,  and  rT,)  were  contaminated  by  1.2%  and  2.7% 
(respectively)  of.  the  T4  present.  It  was  claimed  that  the  latter 
contamination  (which  might  represent  as  many  or  mote  counts  than 
those  in  the  daughters  after  tracer  T,-  injection  in  a  kinetic 


study)  could  be  corrected  out  by  use  of  the  separately  determined 
respective  nonspecific  binding  ratios.  Though  such  a  procedure 
might  be  used  to  study  the  kinetics  of  injected  tracer  T4,  T3  or 
rT3,  its  utility  for  studying  the  appearance  of  daughters  from 
injected  T4  label  is  highly  questionable.  The  use  of  only  one 
concentration  of  antibody  adds  further  uncertainty  to  recoveries 
and  specificities  among  samples,  despite  the  specified  addition  of 
nonradioactive  extra  T4 . 

Extraction  Followed  by  Chromatography  (EC)  .  After  resin  column 
extraction  of  serum  (24) ,  or  after  ethyl  acetate  extraction  and 
concentration  of  iodothyronines  from  urine  with  further  resin 
column  extraction  (25) ,  paper  chromatography  of  the  eluate  has  been 
used  to  separate  iodothyronines,  usually  T3  from  T4 .  In  the  former 
case  (24),  recoveries  are  given:  46%  to  63%  for  T4  and  17%  to  32% 
for  T3 .  Resin  extraction  of  serum  followed  by  thin  layer 
chromatography  (26)  was  said  to  recover  91%  of  T4  and  94%  of  T3. 
However,  94%  of  the  rT3,  5.6%  of  "other  intermediates",  and  3%  of 
the  iodide  appeared  as  T4;  and  83%  of  the  "other  intermediates" 
appeared  as  T3.  HPLC  of  the  acid-ethanol  supernatant  of  plasma 
extraction  has  been  used  to  separate  T3  from  T4,  though  recoveries 
that  included  extraction  were  not  given  (27).  Further,  separation 
of  rT3  from  T4  and  T-,  w<»s  less  than  adequate  and  the  behavior  of 
other  daughter  products  was  not  described. 

Usually,  before  HPLC  isolation  of  an  analyte,  more  extensive 
treatment  of  the  serum  is  required  to  remove  substances  which 
interfere  with  column  function  and  final  detection  of  analyte. 
Accordingly,  after  gel  column  extraction,  elution  with  an  albumin 
solution,  further  extraction  by  Sep-Pak™  C)8  columns  or  by  EAB, 
final  concentration  by  evaporation,  and  preparation  in  HPLC 
solvent,  tne  material  from  3crum  was  separated  by  HPLC  (28)  . 
Complete  separation  among  T4,  T3,  and  rT3  was  achieved,  and  two 
principal  representatives  of  further  daughter  products  (T2's) 
eluted  together  but  well  separated  from  the  above-mentioned 
iodothyronines .  Recoveries  of  T4  and  T3  were  in  the  85  to  90% 
range.  It  appears  that  among  all  the  methods  discussed  so  far, 
extensive  preliminary  preparation  of  the  samples  and  HPLC  analysis 
are  required  for  adequate  separation  of  Tj  and  daughter 
iodothyronines.  While  such  separation  of  T4  from  its  daughters 
might  not  be  necessary  to  study  the  disappearance  kinetics  of  T4, 
T3,  or  rT3,  it  is  necessary  for  the  study  of  the  appearance  of 
daughters  from  an  injected  parent  tracer  (such  as  in  the  isotopic 
determination  of  the  peripheral  conversion  of  T4  to  T3)  . 

Sophadex”  Fractionation.  It  has  been  found  that  Sephadex™  G-2  5 
columns  in  an  alkaline  medium  very  efficiently  separate 
iodothyronines  from  iodides  and  iodoprotein  in  serum,  and  can  be 
used  at  the  same  time  to  separate  the  iodothyronines.  Because  of 
the  lack  of  prior  extraction  of  the  samples  and  from  the  results  of 
rechromatography  studies,  it  appears  that  these  column  procedures 
yield  98  to  100%  recovery  for  iodothyronines  such  as  T;j  and  T?. 
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Sephadex™  G-25  super-fine  columns  have  been  used  to  separate  the 
daughter  iodothyronines .  When  relatively  small  (1  X  20  cm)  columns 
were  used  with  relatively  short  total  elution  times  (4-5  h) ,  T4  was 
separated  from  T3  and  its  daughters,  but  not  T3  from  its  daughters; 
and  though  rT3  was  separated  from  its  daughters,  the  separation  of 
rT3  from  T4  (and/or  T3)  was  not  clear  (29-31)  .  Use  of  larger 
columns  (2.5  X  35  cm)  and  longer  total  elution  times  (13  h)  allowed 
probably  adequate  separation  of  daughters  of  T3  and  rT3  (so-called 
"pre-T3")  from  T3,  separation  of  rT3  from  T3  and  pre-T3,  but  not  rT3 
from  T4  (32).  With  use  of  even  larger  columns  (1.5  X  115  cm) 
running  for  what  appears  to  be  about  42  h,  better  separation  of 
pre-T3  from  T3  was  achieved,  and  rT3  appears  to  have  been  separated 
from  T4  (33,34).  Besides  column  volumes  and  total  elution  times, 
other  factors  such  as  slight  variations  in  sample  additives  and  in 
elution  buffers  were  also  different  among  the  various  reports  cited 
above.  Even  for  shorter  elution  times,  such  procedures  are  made 
difficult  by  the  needs  for  column  preparations  and  for  the 
generation,  handling,  counting,  and  analysis  of  many  fractions,  all 
for  the  assessment  of  one  givei  sample.  Furthermore,  because  the 
activities  of  interest  are  partitioned  into  many  fractions,  large 
(up  to  5  ml)  original  samples  are  required  for  relevant  fractions 
to  have  sufficient  activity. 

Our  goal  was  to  improve  IMPT  as  a  means  of  determining  the 
amount  of  tracer  T4  or  T3  in  serum  samples,  initially  without 
assessment  of  the  ability  to  separate  daughters  of  T3  and  rT3  from 
T 3 .  Such  a  procedure  would  allow  kinetic  studies  of  T4  and  T3  and 
should  represent  an  improvement  over  the  first  five  procedures 
outlined  above. 


MATERIALS  AND  METHODS 

T 4 ,  T 3 ,  and  rT3,  each  mono-labeled  on  the  phenolic  ring  with 
12“I,  were  purchased  from  DuPont/New  England  Nuclear  (Wilmington, 
DE)  .  Respective  specific  activities  were  150,  3300,  and  1200  Ci/g, 
and  initial  radiochemical  purities  were  >  96%,  >  98%,  and  >  99%  as 
determined  by  the  manufacturer  on  HPLC.  Monoclonal  anti-T4 
antibody  (MAB086-156/7 ) ,  monoclonal  anti-T3  antibody  (MAB097/1), 
goat  anti-mouse  gammaglobulin  (AB26),  normal  mouse  serum  (S25) , 
rabbit  polyclonal  anti-rT3  antibody  (AS) 13),  normal  rabbit  serum, 
(320),  and  normal  human  charcoal-thyronine-stripped  serum  (CTSS) 
were  obtained  from  Chemicon  International,  Inc.  (Temecula,  CA)  . 
Goat  anti-rabbit  gammaglobulin  (R0881)  was  purchased  from  Sigma 
Chemical  Company  (St.  Louis,  MO)  .  Iobeads  resin  (T15-0150)  was 
obtained  from  Techniccn  Instruments  Corporation  (Tarrytown,  NY) . 
Dowex™  2-X8  anion  exchange  resin,  20-50  mesh,  sphericity  >  85%,  Cl” 
ionic  form,  was  obtained  from  the  Baker  Chemical  Company 
(Phillipsburg,  NJ)  . 

Tracer  quantities  of  labels  were  added  to  serum  samples  from 
different  sources  (charcoal-thyronine-stripped  serum,  CTSS;  normal 
human  serum,  NHS;  burned  human  serum;  normal  rat  serum;  and  burned 


359 


rat  serum) .  Previous  studies  in  this  laboratory  had  indicated  that 
the  procedure  and  conditions  outlined  in  Table  1  resulted  in 
near-optimal  binding  and  precipitation  of  tracer  by  homologous 
antibody.  This  binding  was  detected  by  precipitation  of  bound 
tracer  by  a  second  antibody  system  targeting  the  antibody  to 
iodothyronine  along  with  larger  amounts  of  target  carrier 
gammaglobulin.  The  reactions  were  carried  out  in  12  X  75-mm  glass 
tubes.  The  bound  radioactivity  was  counted  in  a  gamma 
scintillation  counter  to  2%  error  or  better,  except  for  those  tubes 
containing  small  amounts  of  radioactivity  approaching  that  seen  in 
tubes  containing  no  antibody,  which  were  counted  with  greater 
error.  All  precipitated  cpm  were  corrected  for  background  cpm. 
These  procedures  focused  on  tracer  T4  and  T3  IMPT  with  respective 
homologous  monoclonal  antibodies.  However,  because  1.13  uacer  was 
aiso  used  in  cross-reactivity  studies,  rT3  IMPT  with  a  polyclonal 
rT3  antibody  was  also  used  to  estimate  the  amount  of  rT3  present  in 
those  studies.  For  the  rT3  IMPT,  the  procedure  was  the  same  as  in 
Table  1,  except  that  the  first  antibody  was  rT-*  antibody 
(polyclonal  from  rabbit),  normal  rabbit  serum  (2%)  was  substituted 
for  the  normal  mouse  serum,  and  goat  anti-rabbit  gammaglobulin  (1:5 
dilution)  was  substituted  for  the  goat  anti— mouse  gammaglobulin. 


TABLE  1.  IMPT  to  Determine  Tracer  Hormone  Radioactivity  (*T4  or 
*T3)  in  Serum 


*T4-  or  *T3-spiked  serum  sample 

0.125%  8-anali.no-l-naphthalenesul  f  onic  acid 

First  antibody  (monoclonal  anti-T4  or  — T3) 
Incubate  1  h  at  37 °C 


0.05  ml 

0.025  ml  in  buffer  1 
0.05  ml  in  buffer  1 


2%  normal  mouse  serum 


0.05  ml  in  buffer  2 


1:7.5  goat  anti-mouse  gamma  globulin  0.05  ml  in  buffer  1 

6%  polyethylene  glycol  8000  0.4  ml  in  buffer  1 

Incubate  15  min  at  room  temperature 

6%  polyethylene  glycol  8000  0.3  ml  in  buffer  1 

Centrifuge  2000  g,  4°C,  17  min 

Decant 

Count  precipitate  (bound)  radioactivity 


Buffer  1  =  0.075  M  barbiturate,  0.1%  gelatin,  0.05%  NaN5,  pH  7.85. 
Buffer  2  =  0.1  M  EDTA,  0.05%  NaN3,  pH  7.85  mixed  1:1  with  buffer  1. 
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Reactions  were  carried  out  on  different  aliquots  of 
tracer-spiked  serum  sample,  such  that  for  some  replicates,  buffer 
1  was  used  instead  of  antibody  (zero  antibody)  and  for  other 
replicates  different  dilutions  of  antibody  (in  buffer  1)  were  used. 
The  antibody  dilutions  were  expressed  as  the  dilution  that  was 
added  to  the  reaction  mixture,  i.e.,  not  accounting  for  the 
additional  dilution  provided  by  the  IMPT  reaction  mixture  itself. 
Duplicate  aliquots  were  usually  taken  for  each  antibody 
concentration  or  dose  (dilution),  unless  otherwise  noted.  Zero 
antibody  plus  three  or  four  antibody  doses  (at  serial  twofold 
dilution)  were  usually  employed,  unless  otherwise  noted.  Finally, 
aliquots  of  a  sample  were  counted  without  any  IMPT  reaction  to 
determine  the  amount  of  tracer  added  to  the  IMPT  tubes  (total 
counts  or  radioactivity) .  This  latter  quantity  was  usually  used  as 
a  denominator  to  normalize  the  bound  counts  as  percent  bound. 

The  bound  label  (dependent  variable)  as  counts  per  minute  (cpm) 
or  as  percent  bound  (PB)  was  related  to  the  independent  variable 
(dose  of  antibody,  as  AQI)  by  logistic  regression  to  provide  the 
logistic  parameters  A,  B,  C,  and  D  in  the  formula  shown  in  Figure 
1.  Any  such  regression  included  the  zero-antibody  tubes.  If  the 
bound  label  was  expressed  as  PB,  then  logistic  parameter  B  was  also 
termed  "PBmax"  and  represented  the  apparent  recovery  achieved  by 
the  procedure:  the  percent  of  total  tracer  counts  that  would  be 
bound  at  infinite  homologous  antibody  concentration,  assuming  no 
interference  from  deficiency  of  second  antibody  at  very  high  doses 
of  first  antibody.  Figure  1  shows  that  in  the  T4  IMPT  system,  T • 
antibody  dilutions  stronger  than  1:100  provided  T4  antibody  in 
excess  of  the  amount  of  mouse  gammaglobulin  (including  carrier) 
that  can  be  precipitated  by  the  constant  amount  of  second  antibody 
directed  against  the  gammaglobulin.  The  amount  of  normal  mouse 
serum  present  (providing  the  carrier  gammaglobulin  for  the  T4 
antibody)  is  sufficient  to  prevent  the  fall-off  in  binding  from 
occurring  at  T4  antibody  doses  at  or  below  that  represented  by  the 
1:100  dilution.  It  is  also  seen  that  three  antibody  doses  (plus 
the  zero-antibody  dose)  are  sufficient  to  determine  the  maximal 
binding  as  well  as  the  other  logistic  parameters.  For  subsequent 
tests  in  any  IMPT  system,  antibody  doses  were  chosen  such  that  they 
were  all  well  below  that  which  would  cause  a  relative  insufficiency 
of  second  antibody  and  such  that  at  least  two  doses  were  above  the 
ED.-,-  even  for  serum  samples  that  contained  normal  amounts  of 
nonradioactive  hormones.  Logistic  regressions  were  performed  using 
the  PAR  program  of  the  BMDP  software  package  on  the  VAX  computer. 
All  r2  were  above  0.99. 

If  the  dependent  variable  was  expressed  as  cpm,  then  the 
logistic  parameter  B  was  termed  "Bmax"  and  represented  the  amount 
of  immunoactive  tracer  present  in  the  sample,  the  quantity  that 
would  be  precipitated  by  an  infinite  amount  of  homologous  antibody, 
assuming  that  no  relative  deficiency  of  second  antibody  would  occur 
in  that  condition. 
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FIGURE  1.  T4  antibody  and  T4  tracer  -  binding  profile.  Observed 
binding  (%  total  cpm)  for  tracer  in  charcoal-thyronine- 
stripped  serum;  nonspecific  binding  (nonzero  PB  at  zero 
AQI)  not  subtracted;  logistic  fit  through  data  of  only 
the  closed  circles  (continuous  line)  or  of  all  symbols 
for  AQI  0-10  (broken  line)  .  Logistic  parameter  B,  also 
denoted  as  "PBmax"  (%  of  total  cpm),  is  the  apparent 
recovery  (%)  for  the  test.  If  the  ordinate  axis  data 
are  expressed  as  raw  bound  cpm  (not  shown) ,  the  maximal 
binding  (parameter  B  or  "Bmax")  then  would  represent  the 
quantity  of  tracer  recovered  as  cpm.  Logistic  parameter 
C  represents  the  dose  of  antibody  producing  half-maximal 
effect  (ED5o)  on  binding. 
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Whether  the  dependent  variable  (precipitated  or  bound  tracer) 
is  expressed  as  PB  or  cpm,  the  data  might  be  corrected  by 
subtract- ing  an  estimate  of  the  nonspecific  binding  (NSB)  .  One  such 
estimate  (NSB0)  is  obtained  from  the  cpm  in  the  absence  of 
homologous  (first)  antibody  (zero-antibody  tubes) .  However,  for 
the  amount  of  NSB  in  the  tubes  with  first  antibody  present,  there 
is  no  direct  estimate.  But,  since  the  NSB  comes  from  the  cpm  not 
bound  to  antibody,  a  proportion  of  such  cpm  (assumed  to  be  equal  to 
the  NSB0  ratio,  the  NSB0  cpm  over  the  total  cpm)  not  bound  to 
antibody  joins  the  precipitated  bound  cpm  by  such  mechanisms  as  the 
inability  to  remove  the  last  traces  of  supernatant  liquid  when  it 
is  decanted.  Thus,  similar  terms  can  be  used  to  describe  both  the 
overall  relationship  after  decanting  (total  cpm  =  specifically 
bound  cpm  +  NSB  cpm  +  free  cpm,  where  free  cpm  are  these 
successfully  decanted)  as  well  as  the  NSB0  ratio  [NSB,  cpm/total 
cpm  =  NSB  cpm/  (NSB  cpm  +  free  cpm)  ]  .  The  latter  can  thus  be 
expressed  as  MSB  cpm  in  proportion  to  those  cpm  contributing  to  NSB 
in  tubes  containing  first  antibody.  (With  more  antibody,  those  cpm 
contributing  to  NSB  are  fewer.)  Through  algebraic 
interrelationship  between  the  two  above  equations,  the  precipitated 
cpm  in  all  tubes  can  be  corrected  to  those  cpm  specifically  bound  = 
(precipitated  cpm  -  NSB,  cpm)/[l  -  (NSBC  cpm/total  cpm)]. 

It  can  be  seen  that  with  no  antibody,  the  correction  involves 
subtracting  the  entire  NSB,,  cpm,  resulting  in  zero  activity.  With 
greater  amounts  of  antibody  present,  the  precipitated  cpm  are 
corrected  by,  in  effect,  removal  of  fewer  cpm.  Thus,  if  the 
precipitated  cpm  approaches  the  total  cpm,  the  corrected 
(specifically  bound)  cpm  approaches  the  precipitated  cpm  with  no 
effective  correction.  Correction  for  NSB  in  this  manner  is  thus 
proportional  to  the  cpm  not  specifically  bound  and  is  herein  termed 
proportional  correction  for  NSB.  Since  these  IMPT  procedures  were 
designed  to  include  tubes  with  high  antibody  binding  (and  almost  no 
relevant  applicable  NSB  correction)  approaching  the  total 
homologous  tracer  hormonal  immunoreactive  cpm  present,  which 
usually  represented  most  of  the  total  cpm  present,  the  projected 
(regressed)  maximally  bound  cpm  is  expected  to  be  essentially  the 
same  whether  precipitate  cpm  data  were  proportionally  corrected  for 
NSB  or  uncorrected.  This  was  observed  to  be  the  case,  with 
differences  in  projected  maximal  binding  (correction  versus  no 
correction)  usually  <  1%  and  less  than  the  variation  of  the  overall 
method.  However,  in  some  studies,  e.g.,  those  involving 
intentional  inclusion  of  relatively  large  amounts  of  heterologous 
(potentially  nonantibody-binding)  tracer,  proportional  correction 
for  NSB  was  employed. 

It  is  to  be  noted  that  whether  or  not  the  above  NSB  correction 
is  employed,  PB  is  the  bound  cpm  (corrected  or  uncorrected)  divided 
by  the  total  cpm  present.  Thus,  if  noniromunoreact ive  counts  are 
present,  the  PBmax  (apparent  recovery)  is  <  1CC%.  This,  however, 
might  represent  an  actual  recovery  of  1001  if  the  unreactive  counts 
do  not  represent  target  hormone  ligand. 
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T4  IMPT  System.  Figure  1  shows  that  T4  antibody  dilutions 
could  be  identified  that  allowed  the  observed  PB  to  approach  the 
PBmax,  yet  did  not  overbalance  the  amount  of  second  antibody 
present.  Because  the  sample  used  (CTSS)  contains  little  or  no 
nonradioactive  iodothy ronines ,  even  the  lesser  antibody  doses  gave 
binding  near  the  maximal.  The  PB  max  (apparent  recovery)  was  about 
50%,  indicating  that  the  T4  tracer  source  added  to  the  sample 
contained  a  large  amount  of  nonimmunoactive  label,  presumably  not 
T4 .  This  provides  the  initial  indication  that  the  activity 
projected  as  parameter  B,  i.e.,  PBmax  in  Figure  1,  may  give  the 
total  amount  of  T4  present,  since  many  nonzero  antibody  doses  in 
the  range  below  excess  (relative  to  second  antibody)  gave  PB  values 
very  near  to  and  steadily  increasing  toward  the  PBmax  and  that  this 
maximal  binding  parameter  may  provide  specificity  against 
misreading  counts  not  in  T,; ,  such  as  those  that  might  accumulate  as 
radiochemical  purity  of  the  label  deteriorates  due  to  catastrophic 
decay  of  the  tracer  during  the  time  elapsed  between  manufacture  and 
use  of  the  tracer  preparation. 

Figure  2  shows  the  results  of  similar  T4  IMPT  runs  on  5  samples 
of  different  type,  each  spiked  with  T^  tracer  from  the  same 
preparation,  which  tracer  preparation  was  different  from  the  one 
used  in  Figure  1.  Among  the  serum  samples  assessed,  previous 
observations  indicated  that  endogenous  nontracer  iodothy ronine 
concentrations  are  highest  in  NHS,  very  low  in  CTSS,  and 
intermediate  in  the  other  samples.  Not  surprisingly,  the  IMPT 
reaction  was  markedly  influenced  in  a  pattern  compatible  with  that 
expected  from  variations  of  endogenous  T, ,  with  wide  variation  in 
EDt 0  which  was  nighest  with  NHS  and  lowest  with  CTSS.  There  was 
also  wide  variation  in  the  slope  term  which  appeared  less 
characteristic  of  serum  type.  Nevertheless,  despite  these  profound 
effects  of  sample  type  with  varying  endogenous  concentration  on 
parameters  reflecting  different  antibody  binding  at  individual 
antibody  doses  from  sample  to  sample,  the  maximal  binding  parameter 
projected  a  nearly  constant  estimate  of  the  amount  of  T4  label.  In 
this  case,  it  represented  approximately  80%  of  the  radioactivity 
present . 

In  Table  2,  with  use  of  a  different  tracer  preparation  which 
was  the  same  for  the  'arious  samples  studied,  again  there  was 
marked  variation  in  EDi:,  and  the  slope  factor.  However,  the 
projected  PBmax  represented  approximately  92%  of  the  radioactivity 
present  as  T^,  with  no  consistent  variation  by  sample  type. 

Table  3  allows  assessment  of  multiple  samples  within  sample 
type  containing  tracer  from  yet  another  preparation,  the  same  for 
all  the  samples.  Though  the  apparent  recovery  of  tracer  T^  as  85% 
of  the  total  radioactivity  did  not  vary  with  sample  type  (ANOVA) , 
the  EDcC  and  slope  factor  did. 


364 


(Antibody  Quantity  Index,  Dil  X  10  ) 


O  CTSS 
©  NHS 
•  BHS 
0  NRS 
■  BRS 


FIGURE  2.  T4  antibody  -  logistic  parameters  for  samples  with  T4 
tracer  from  the  same  source.  C,  D,  and  B  atop  the 
ordinate  axes  are  logistic  parameters  from  equations  as 
in  Figure  1,  with  data  corrected  for  nonspecific 
binding.  Antibody  dilutions  were  0,  1:800,  1:400,  and 
1:200.  CV  indicates  coefficient  of  variation;  CTSS, 
charcoal-thyronine-stripped  serum;  NHS,  normal  human 
serum  (one  sample  from  one  individual,  the  other  from  a 
pool  of  12);  BHS,  burned  human  serum  (pooled  from  a 
large  number  of  patients);  NRS,  normal  rat  serum 
(pooled) ;  and  BRS,  burned  rat  serum  (pooled) . 
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TABLE  2.  T4  Antibody  -  Logistic  Parameters  for  Samples  with 
Tracer  from  One  Preparation 


Sample 

C 

ed50 

(AQI) 

D 

Slope  Factor 

B* 

PBmax 

(%.) 

CTSS 

0.22 

1.0 

93 

NHS1 

0.89 

1  .  8 

91 

NHS2 

0.51 

1  .  4 

91 

NHS3 

0.63 

1 . 1 

95 

NHS4 

0 . 84 

1  .  4 

93 

BHS 

0.53 

2.0 

91 

NRS 

0 . 60 

2 . 9 

90 

*PBmax  means  are  92.5%  (NHS)  and  91.9%  (overall);  coefficient  of 
variation  =  2%  overall.  Sample  and  column  heading  terms  follow  the 
scheme  in  figures  1  and  2  (data  not  corrected  for  nonspecific 
binding)  .  Antibody  dilutions  were  0,  1: 8C0,  1:400,  and  1:200.  AQI 
indicates  antibody  quantity  index;  CTSS,  charcoal-thyronine- 
stripped  serum;  NHS,  normal  human  serum  from  four  individuals;  BHS, 
burned  human  serum  from  a  large  pool;  and  NRS,  normal  rat  serum 
from  one  rat. 

TABLE  3.  T4  Antibody  -  Logistic  Parameters  for  Samples  with  T, 
Tracer  from  Another  Preparation  (Mean  ±  SE) 


Sample 

n 

C 

EDS0 

(AQI) 

D 

Slope  Factor 

B* 

PBmax 

(%) 

CTSS 

7 

0.347  ±  0.061 

1.38  ±  0.32 

85.9 

±1.9 

NHS 

7 

0.990  ±  0.077 

1.51  ±  0.11 

85.4 

±2.4 

BHS 

7 

0.573  ±  0.066 

2.27  ±  0.37 

84 . 9 

±2.2 

*PBmax  overall  mean  is  85.4%  with  coefficient  of  variation  =  6% 
overall.  Sample  and  column  heading  terms  follow  the  scheme  in 
figures  1  and  2  (data  not  corrected  for  nonspecific  binding) . 
Antibody  dilutions  were  0,  1:800,  1:400,  and  1:200.  AQI  indicates 
antibody  quantity  index;  CTSS,  charcoal-thyronine-stripped  serum; 
NHS,  normal  human  serum;  and  BHS,  burned  human  serum  from  separate 
individuals . 
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Figure  3  assesses  CTSS  containing  a  tracer  preparation  whose 
labeled  represents  about  64%  of  the  total  radioactivity 
according  to  the  IMPT  results  of  untreated  tracer-spiked  CTSS 
(left-hand  end  of  the  abscissa)  .  Prior  exposure  of  the  spiked  CTSS 
with  different  amounts  of  resin  beads  (milligrams  dry  resin  per 
milliliter  CTSS,  20  min  at  room  temperature  with  vortexing  every  5 
min)  allowed  subsequent  IMPT  to  recover  a  greater  proportion  of 
total  radioactivity  as  immunoreactive  Tj .  This  effect  was  brought 
about  not  by  raising  the  precipitated  counts  (which  were  affected 
very  little)  but  by  removing  portions  of  the  total  cpm  which  were 
not  immunoact ive .  Since  resin  at  65  mg/ml  appeared  to  provide  a 
near  maximal  effect  in  this  regard,  this  resin  concentration  was 
used  in  subsequent  trials.  Since  the  Dowex™  contains  moisture,  in 
some  cases,  it  was  allowed  to  dry  overnight  by  air  exposure  at  room 
temperature  before  use.  This  did  not  appear  to  alter  its  effect. 

Because  we  suspected  that  the  variation  in  apparent  recovery  of 
tracer  T ,  by  IMPT  might  be  explained  by  the  time  elapsed  before 
tracer  use,  we  plotted  the  PBmax  from  CTSS  samples  that  were  spiked 
and  analyzed  at  various  times  after  the  preparation  (at  the 
commercial  source)  of  the  tracer  for  several  tracer  preparations. 
In  most  cases,  after  arrival  here,  the  tracer  was  placed  in  stock 
CTSS  for  storage  and  frozen  in  aliquots  for  subsequent  spiking  of 
different  CTSS  or  other  samples  for  use.  In  seme  cases,  storage  of 
the  tracer  in  the  originally  received  form  (aqueous  propanol) 
yielded  the  same  IMPT  result  as  that  stored  in  CTSS.  Figure  4 
shows  that  the  apparent  recovery  (PBmax)  falls  off  with  tracer  age, 
indicating  accumulating  radiochemical  impurity  presumably  from 
catastrophic  decay  of  the  tracer.  Labeled  iodide  might  likely  have 
been  a  product  of  this  process  (note  the  marked  improvement  in 
recovery  after  treatment  with  anion  exchange  resins).  However, 
simple  deiodination  of  the  T,  tracer  to  T~,  or  rT~.  is  unlikely  in 
that  immunoactive  T and  rT3  cpm  were  not  detected  in  such  samples 
using  IMPT  with  antibodies  for  those  compounds  (data  not  shown) . 
As  shown  in  Figure  4,  in  those  samples  with  apparent  recovery 
reduced  to  below  70%,  resin  treatment  did  not  restore  recovery 
completely  to  100%.  With  time,  sorr.e  of  the  decay  products  (not 
removed  by  resin)  appear  to  be  compound (s)  with  an  attraction  to 
serum  proteins  that  is  relatively  high  compared  to  an  attraction  to 
resin.  Nevertheless,  the  patterns  of  recovery  with  and  without 
prior  resin  treatment  both  project  back  to  100%,  indicating  that 
any  label  not  included  in  the  logistic  projection  of  maximal 
binding  (not  detected  as  immunoactive)  is  not  T..  but  represents 
other  nonspecific  material.  This  indicates  that  the  actual 
logistic  IMPT  recovery  is  approximately  100%  and  suggests  seme 
degree  of  specificity  for  the  logistic  IMPT  Bmax  in  detecting 
tracer  T,  itself.  Further  studies  of  T3  IMPT  employed  T,;  tracer 
with  >  80%  of  the  total  radioactivity  as  immunoactive  T^,  without 
resin  treatment  of  the  spiked  samples. 

Specificity  of  the  procedure  for  T4  label  (vs  T^  and  rT-.  labels) 
was  tested  by  making  T4  IMPT  runs,  i.e.,  ail  with  T3  antibody. 
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FIGURE  3.  Apparent  recovery  (as  PBmax,  logistic  parameter  B)  by  t4 
antibody  (dilutions  usually  0,  1:1600,  1:800,  1:400, 

1:200)  of  T4  tracer  in  charcoal-thyronine-stripped  serum 
(CTSS) .  The  tracer-spiked  samples  were  treated  with 
various  amounts  of  anion  exchange  resin  (milligrams  per 
milliliter  CTSS)  prior  to  IMPT.  Moisture  was  not 
included  in  the  resin  weight.  Data  were  proportionately 
corrected  for  nonspecific  binding. 
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usually  0,  1:1600,  1:800,  1:400,  1:20C)  of  T4  tracer  in 
charcoal-thyronine-stripped  serum  (CTSS) ,  according  to  time  since  factory 
formulation  of  tracer  and  treatment  of  tracer-spiked  samples  with  anion 
exchange  resin  (65  mg/ml  CTSS) .  Moisture  was  not  included  in  the  resin 
weight.  Data  were  proportionately  corrected  for  nonspecific  binding. 


separately  with  radioactive  T4,  T3,  and  rT3  tracers.  In  Figure  5, 
the  ordinate  data  (the  cpm  bound  and  precipitated  by  T4  antibody) 
are  expressed  as  a  percent  of  the  total  cpm  present  (as  noted  in 
the  figure)  for  a  specific  tracer  in  the  absence  of  the  other 
tracers.  This  total  was  determined  as  the  maximally  bound  cpm 
(Bmax)  in  different  IMFT  runs  with  the  appropriate  antibody. 

It  appeared  that  the  T4  antibody  does  bind  nonspecifxcally 
small  proportions  of  labeled  T3  and  rT3  that  might  be  present.  If 
was  therefore  necessary  to  determine  whether  the  presence  of 
heterologous  tracer  T3  or  rT3  along  with  the  homologous  tracer  T4 
would  alter  the  logistic  IMPT  Bmax  in  the  procedure  with  T4 
antibody,  falsely  elevating  the  estimation  of  the  amount  of  labeled 
T4  present.  Table  4  shows  the  results  in  four  samples,  each 
divided  into  three  aliquots  (containing  labeled  T4  alone  or 
together  with  labeled  T3  or  rT3)  analyzed  with  separate  T4  IMPT 
trials.  In  samples  with  more  nonradioactive  thyronine  than  is 
found  in  plain  CTSS,  up  to  29%  of  the  tracer  T3  and  up  to  43%  of 
the  tracer  rT3  was  included  in  the  estimate  of  the  amount  of  tracer 
T4  present.  However,  if  these  heterologous  labels  are  each  present 
in  a  sample  as  contaminants  in  an  amount  that  is  at  or  below  1%  of 
che  amount  of  T,  label  present,  then  the  IMPT  result  would 
represent  a  combined  error  of  <  1%,  i.e.,  less  than  the  coefficient 
of  variation  of  the  method,  in  the  estimate  of  the  amount  of 
labeled  T4  present. 

T3  IMPT  System.  Figure  6  shows  that  zero  antibody  and  three  T, 
antibody  concentrations  can  be  used  for  logistical  projection  of 
the  amount  of  radioactivity  present  as  T3  by  determination  of  Em  ax. 
In  this  example,  the  apparent  recovery  is  approximately  100  .  of  the 
total  radioactivity  present.  Note  also  that  the  useful  T3  antibody 
dilutions  represent  doses  low  enough  that  the  second  antibody 
system  is  not  overwhelmed  even  by  T3  antibody  doses  far  in  excess 
of  those  needed. 

Figure  7  shows  the  logistic  parameters  for  a  series  of  T3  IMPT 
trials  on  various  samples.  Despite  marked  variation  of  E  D  c  r. 
according  to  sample  type  (similar  to  that  seen  in  T4  IMPT  trials) 
and  marked  variation  in  the  slope  factor,  the  apparent  recovery  of 
T3  as  the  PBmax  was  not  different  among  sample  types  (CTSS  compared 
with  NHS  or  with  all  non-CTSS  samples  by  t  test) .  For  this  T3 
tracer  preparation  (different  from  the  one  related  to  Figure  6), 
the  overall  mean  PBmax  was  95.5%. 

Because  of  the  high  apparent  recovery  for  most  preparations  of 
T-*  tracer,  the  effect  of  removing  nonimmunoreacti ve  material  with 
resin  was  not  investigated  extensively.  One  sample  with  a  PBmax  of 
981  had  a  PBmax  of  100%  after  resin  treatment.  In  a  subsequent 
study  (see  fig  10),  the  mean  PBrnax  was  97.4%  of  the  total  cpm  in 
the  tracer  T.  source.  All  but  one  preparation  of  T3  tracer 
maintained  a  PBmax  of  over  94%  for  several  months.  The 
radiochemical  purity  reported  by  the  commercial  source  is  >  98% 
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FIGURE  5.  T4  antibody  binding  profile  with  separate  homologous  and 
heterologous  tracer.  Percent  total  tracer  cpm  in 
charcoal-thyronine-stripped  seium  bound  by  various 
amounts  (AQI,  antibody  quantity  index)  of  antibody.  For 
each  tracer,  total  cpm  were  determined  as  Bmax  cpm  in 
separate  logistic  regressions  with  tracer-specific 
antibody  (not  shown) .  Data  were  proportionately 
corrected  for  nonspecific  binding. 
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FIGURE  6.  T3  antibody  and  T3  tracer  -  binding  profile.  Observed  binding  (%  total  cpm) 
for  tracer  in  charcoal- thyronine- stripped  serum;  nonspecific  binding 
(nonzero  PB  at  zero  AQI)  not  subtracted;  logistic  fit  through  data  of  only 
the  closed  circles  (continuous  line)  or  of  all  symbols  (broken  line) .  See 
Figure  1  for  interpretation  of  logistic  parameters  (A,  B,  C,  D) . 
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FIGURE  7.  T3  antibody  -  logistic  parameters  for  samples  with  T3 
tracer  from  the  same  source.  C,  D,  and  B  atop  the 
ordinate  axes  are  logistic  parameters  from  equations  as 
in  Figure  6,  with  data  not  corrected  for  nonspecific 
binding.  Antibody  dilutions  were  0,  1:25,600,  1:12,800, 
and  1:6,400.  CV  indicates  coefficient  of  variation; 
CTSS,  charcoal-thyronine-  stripped  serum;  NHS,  normal 
human  serum  {from  individuals);  BHS,  burned  human  serum 
(from  individual  patients);  and  NRS,  normal  rat  serum 
(pooled)  . 


374 


initially  for  these  preparations.  It  appears  that,  as  with  the  T4 
IMPT  procedure,  that  the  real  T3  IMPT  Bmax  recovery  is 
approximately  100%,  with  any  small  amount  of  nonimmunoactive 
material  representing  impurities. 

Figure  8  represents  T3  antibody  binding  in  separate  IMPT  trials 
for  CTSS  with  different  radioactive  tracers  whose  total  cpm  are 
indicated.  There  was  no  detectable  binding  of  heterologous  T4  and 
rT3  tracers,  with  ANOVA  detecting  no  variation  of  bound  cpm  with 
the  quantity  of  antibody. 

Table  5  shows  the  binding  profiles  in  separate  T3  IMPT  trials 
for  burned  human  serum  with  T3  tracer  alone  or  with  heterologous 
tracer  also  present.  Note  that  with  the  T3  tracer  preparation 
alone,  the  apparent  recovery  was  99%  of  the  total  radioactivity 
present  and  the  activity  thus  detected  (Bmax)  was  not  augmented  by 
the  additional  presence  of  relatively  high  amounts  of  either  T4  or 
rT3  tracer.  There  was  no  significant  variation  of  precipitated  cpm 
due  to  the  presence  of  either  of  the  heterologous  tracers  after 
accounting  for  variation  of  precipitated  cpm  with  T3  antibody 
dilution . 

Figure  9  shows  the  T3  IMPT  binding  for  CTSS  and  normal  and 
burned  human  serum.  For  each  type  of  serum,  data  for  aliquots  (all 
with  tracer  T3)  with  and  without  additional  heterologous  tracer  are 
pooled  for  the  curves  and  their  associated  symbols.  However,  the 
projected  Bmax  values  are  plotted  (far  right)  separately  for 
additional  presence  of  heterologous  tracer  from  their  respective  T3 
IMPT  trials.  Though  the  curves  varied  greatly  with  type  of  sample, 
the  projected  amount  of  tracer  T3  present  (Bmax)  appeared  to  vary 
neither  with  sample  type  nor  the  additional  presence  of 
heterologous  (contaminant)  tracer. 

Figure  10  shows  two  of  the  logistic  parameters  from  an  expanded 
series  of  trials  similar  to  those  in  Figure  9  and  including  the 
latter.  A  two-way  ANOVA  detected  no  influence  of  heterologous 
tracer  or  of  sample  type  on  PBmax.  Though  sample  type  altered  the 
EDt.Q,  heterologous  tracer  did  not.  These  and  the  previous  data 
indicate  that  the  T3  IMPT  procedure  has  no  detectable 
nonspecificity  with  regard  to  T4  or  rT3  and  has  approximately  100% 
true  recovery  of  T3  label  which  is  not  altered  by  sample  type. 

NSB0.  NSB0  is  the  cpm  in  the  precipitate  after  reaction  with 
no  iodothyronine  antibody  present,  expressed  as  the  mean  of 
replicates  (usually  duplicates)  in  terms  of  cpm  or  a  ratio  of  the 
precipitate  cpm  to  the  total  cpm  present  during  the  reaction  (NSBC 
ratio) .  As  explained  in  the  MATERIALS  AND  METHODS  section,  this 
ratio  may  be  used  to  make  a  small  correction  in  what  is  taken  as 
the  cpm  bound  (precipitated)  in  tubes  containing  antibody,  such 
that  any  contribution  of  nonantibody-bound  cpm  to  the  cpm  detected 
by  antibody  precipitation  might  be  eliminated.  This  contribution 
as  cpm,  though  still  small,  is  maximal  with  the  largest  possible 
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T3  antibody  binding  profile  with  separate  homologous  and 
heterologous  tracer.  Percent  total  tracer  cpm  in 
charcoal-thyronine-stripped  serum  bound  by  various 
amounts  (AQI,  antibody  dilution  X  1000)  of  antibody. 
For  each  tracer,  total  cpm  were  determined  as  Bmax  cpm 
in  separate  logistic  regressions  with  tracer-specific 
antibody  (not  shown) .  Data  were  proportionately 
corrected  for  nonspecific  binding.  For  T4  and  rT3 
tracers,  each  symbol  is  the  mean  for  six  tubes  at  each 
AQI.  For  both  these  (heterologous)  tracer-:,  there  was 
no  significant  variation  of  bound  cpm  with  AQI 
(including  cpm  with  zero  antibody) . 
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T3  antibody  binding  profile  with  combined  homologous  and 
heterologous  tracer.  Observed  and  fitted  binding, 
proportionately  corrected  for  nonspecific  binding,  as  a 
function  of  AQI  (antibody  dilution  X  1000) .  Duplicate 
aliquots  for  the  various  AQI  were  run  with  tracer  T3 
alone  and  with  additional  T4  and  separately  rT3  tracer, 
in  either  charcoal-thyronine-stripped  serum  (CTSS) , 
normal  human  serum  (NHS)  from  one  individual,  or  burned 
human  serum  (BHS)  from  a  pool.  Within  each  type  of 
serum,  the  bound  cpm  did  not  vary  significantly  with 
whether  or  not  heterologous  tracer  was  present.  Thus, 
only  single  symbols  and  a  single  logistic  curve  for  data 
pooled  within  each  serum  are  shown.  The  Bmax, 
determined  from  separate  logistic  regressions  for  each 
tracer  condition,  did  not  vary  significantly  among  serum 
types.  All  aliquots  contained  2007  cpm  of  T3,  or 
additionally  1567  cpm  of  T4  or  1273  cpm  of  rT3.  The 
latter  wei.e  determined  as  Bmax  by  separate  logistic 
regressions  (not  shown)  with  appropriate  antibody. 
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TABLE  5.  T3  Antibody  of  Heterologous  Tracer  in  the  Presence  of  T3 
Tracer  (Mean  ±  SEM) 


Antibody  Dilution 

n 

*t3 

*t3*t4 

*T3*rT3 

0 

4 

0  ±  6 

0  ±  6 

0  ±  3 

4 

2937  ±  23 

2959  ±  25 

3038  ±  32 

1:12, 800 

4 

3681  ±  13 

3706  ±  33 

3675  ±  31 

1 :  6,  400 

4 

3933  ±  37 

4011  ±  38 

4007  ±  35 

1:3,200 

4 

4191  ±  32 

4110  ±  34 

4083  ±  40 

Bmax 

4260** 

4156 

4159 

Total  heterologous  cpm 

- 

7479 

7262 

Total  cpm 

4314 

13144 

13607 

*125I  tracer  present  in 

BHS, 

**98.7%  of 

total  cpm. 

Entries  are 

in  cpm  corrected  for  nonspecific  binding  (100%  of  heterologous  NSB 
and  proportionately  for  T3  (NSB)  .  T3  tracer  was  present  in  the 
same  quantity  with  heterologous  tracer  (T4  or  rT3)  present  or 
absent.  Total  heterologous  cpm  determined  as  maximal  binding  in 
separate  assays  (not  shown)  with  appropriate  antibodies.  Two-way 
ANOVA  revealed  no  differences  in  cpm  (those  with  ±  SE)  according  to 
whether  *T3  was  alone  or  with  a  heterologous  tracer  after 
accounting  for  variation  with  antibody  dilution.  Bmax  indicates 
maximal  binding  from  logistic  regression. 


portion  of  the  cpm  not  immunospecifically  bound  (antibody 
concentrations  approaching  zero),  is  less  with  more-  of  the  total 
cpm  bound  to  antibody  (less  cpm  available  for  nonspecific  binding), 
is  minimal  when  fewest  cpm  are  not  bound  to  antibody  ("infinite" 
antibody  concentration) ,  and  zero  in  the  latter  case  if  no 
nonligand  cpm  is  present  and  all  the  ligand  cpm  are  bound  to 
antibody.  In  this  sense,  NSB  refers  to  any  cpm  counted  in  the 
precipitate  area  of  the  tube  that  remain  in  that  area,  but  not  as 
a  result  of  antibody  binding,  whether  those  cpm  are  in  a  ligand 
potentially  able  to  be  bound  by  the  antibody  or  are  in  contaminant 
substances.  Thus,  NSE  does  not  refer  to  nonspecificity  of  those 
cpm  for  an  antibody  being  used,  but  to  their  presence  along  with 
the  observed  radioactivity  that  is  immunological ly  bound  to 
antibody.  The  measurement,  NSB0,  represents  the  maximal  amount  of 
NSB  cpm  (observed  in  che  absence  of  first  antibody) . 

in  71  measurements  made  in  CTSS,  the  mean  NSBC  ratio  was  2.35% 
of  total  counts  present,  showing  no  apparent  variation  with  whether 
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FIGURE  10.  ED50  and  PBmax  for  T3  antibody  with  combined  homologous 
and  heterologous  tracer.  ED50  (as  AQI ,  antibody 
dilution  X  1000)  and  PBmax  (%  total  T3-source  cpm)  from 
Bmax  in  logistical  regressions  of  cpm  bound 
(proportionately  corrected  for  total  nonspecific 
binding)  over  0,  1:25,600,  1:12,800,  1:6,400,  and 

1:3,200  dilutions  of  antibody.  Tracer  T3  activity 
ranged  2007-4260  cpm  and  the  other  trace  cpm  (if 
present)  ranged  63%-176%  of  the  T3  cpm  present  (their 
quantity  determined  by  separate  logistic  project  with 
appropriate  antibody) .  Though  ED50  varied 

significantly  with  serum  type,  PBmax  did  not.  Neither 
ED30  nor  PBmax  varied  with  whether  T3  tracer  was  or  was 
not  accompanied  by  a  heterologous  tracer.  *  indicates 
125I  tracer  present;  NHS ,  normal  human  serum  (from  one 
individual) ;  and  BHS,  burned  human  serum  (pooled  from 
a  large  number  of  patients) . 

the  tracer  preparation  present  was  nominally  (predominantly)  T4, 
T3,  rT3  or  a  combination. 

However,  in  34  determinations  made  in  NHS  or  burned  human 
serum,  though  no  difference  appeared  between  these  types  of  sample, 
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the  NSB0  ratio  varied  according  to  whether  or  not  the  T3  tracer 
preparation  was  present.  No  differences  in  NSB0  ratio  could  be 
seen  between  T4  and  rT3  tracer  preparations  present  in  the  samples. 
Table  6  shows  the  higher  NSB0  ratio  for  T3  tracer  (column  2  vs 
column  1)  and  indicates  that  this  was  less  pronounced  (but  still 
present)  when  the  contribution  of  T3  cpm  to  the  total  cpm  was 
diluted  with  other  tracer  cpm  (column  3  vs  column  2).  In  either 
case  (column  2  or  3),  the  data  are  consistent  with  a  greater 
proportion  of  the  tracer  T3  present  (then  for  other  tracers)  to  be 
nonspecif ically  attracted  to  the  precipitate  from  normal  and  burned 
human  serum.  This  phenomenon  was  not  seen  in  precipitates  from 
CTSS . 


TABLE  6.  NSBQ  Ratio  (%)  in  Normal  and  Burned  Human  Serum  According 
to  Tracer  Preparation  Present 


*T„  and/or  *rT3 

*t3 

*T3  and  (*T4  or  *rT3) 

Mean  ±  SE 

2.56  ±  0.08 

4 . 60a  ±  0.29 

3 . 60a'  c  ±0.09 

n 

15 

8 

11 

’‘Tracer  preparation  present,  aP  <  0.001  vs  column  1  mean,  and  CF  < 
0.05  vs  column  2  mean  (Bonf erroni-corrected  t  tests).  NSB,_,  ratio 
indicates  precipitate  cpm  after  decanting/total  cpm  present^before 
decanting  (in  the  absence  of  antibody). 


Though  it  is  expected  that  the  main  protein  component  of  the 
precipitates  is  the  (carrier  mouse  or  rabbit  gamma  globulin/ second 
antibody)  complex,  serum  proteins  originating  in  the  sample  may 
also  be  present.  Thus,  the  precipitate  might  contain  proteins  that 
ordinarily  bind  iodothyronines  in  human  serum.  In  the  reaction  and 
then  in  the  precipitate,  they  might  also,  in  turn,  contribute  to 
NSB .  However,  the  8-analino-l-naphthalenesulfonic  acid  added  to 
the  reaction  is  supposed  to  disrupt  such  binding,  which  is 
otherwise  greatest  for  T4,  least  for  rT3,  and  intermediate  for  T . 
Perhaps  it  is  possible  that  this  disruption  of  normal  serum  protein 
binding  to  iodothyronines  is  less  complete  for  T3  than  for  the 
others  or  that  T3  participates  in  a  low-grade  transfer  iodination 
reaction  with  a  precipitable  protein  in  the  mixture.  Further,  if 
one  of  these  explanations  is  the  case  (for  which  we  have  no 
evidence),  pr:-,r  extraction  of  human  serum  with  charcoal  (for  CTSS) 
may  remove  or  inactivate  such  a  T3  binding  (or  iodinatable) 
protein,  or  suj.^-ly  a  factor  that  inhibits  its  action. 

In  the  formula  that  corrects  for  NSB  in  the  precipitated 
counts,  immune-bound  cpm  =  (precipitate  cpm  -  NSBC  cpm)/(l  -  NSB0 
ratio)  ,  the  numerator  contains  the  NSBC  as  the  precipitated  cpm 
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observed  in  the  IMPT  trial  aliquots  without  first  antibody  and  the 
denominator  contains  the  NSB0  as  the  ratio  to  the  total  counts.  If 
the  reaction  mixture  contains  an  unusually  large  proportion  of 
counts  that  are  not  potentially  reacting  with  the  antibody  along 
with  counts  that  do  potentially  react  with  the  antibody,  then  ail 
of  the  former  contribute  equally  to  the  NSB  regardless  of  the 
amount  of  antibody;  whereas,  the  latter  contribute 
"proportionately"  (less  with  greater  amounts  of  antibody) .  In 
order  to  correct  for  all  the  nonimmunologic  NSB  along  with  the 
proportionate  amount  of  NSB  from  potentially  immunologically  bound 
cpm,  one  uses  for  the  numerator  the  usual  NSB0  observed  in  the 
reaction,  but  for  the  denominator,  the  NSB0  ratio  that  is  from  the 
ratio  of  the  counts  for  the  tracer  targeted  by  the  antibody  (but 
present  in  the  precipitate  without  the  antibody)  over  the  counts 
for  the  total  amount  of  this  tracer  itself  that  is  present  in  the 
reaction.  The  elements  of  this  ratio  can  be  directly  approximated 
from  the  IMPT  trial  itself  if  few  of  the  total  cpm  are  present  as 
heterologous  material  (not  targeted  by  the  antibody) . 

However,  a  different  situation  obtains,  for  example,  when  the 
Ti  IMPT  is  being  used  to  quantitate  tracer  T3  in  the  presence  of 
equal  or  greater  amounts  of  tracer  T4  or  rT-,,"  as  was  the  case  in 
some  of  the  present  studies.  In  this  case,  there  was  no 
immunologic  reaction  with  T .  or  rT3.  Since  the  NSB  ratio  for 
tracer  T3  is  different  from  that  of  the  others  (Table  6),  the  MSB. 
ratio  in  the  denominator  theoretically  should  be  that  for  T ;  (the 
homologous  tracer)  to  get  proportional  correction  for  the  T-, 
component  of  NSB.  With  use  of  the  NSB.  ratio  from  the  IMPT  trial 
itself  as  a  standard  of  comparison,  the  effect  of  calculating  the 
corrected  bound  cpm  with  the  mean  denominator  NSBC  ratio  for  T- 
alone  (column  2,  Table  6),  the  mean  NSB0  ratio  from  column  1,  or 
the  range  of  NSB.  ratio  values  contributing  to  the  mean  in  column 
3  was  assessed  for  an  IMPT  trial  of  tracer  T3  having  an  approximate 
equal  amount  of  T4  tracer  present.  The  logistic  IMPT  Bmax  varied 
by  only  up  to  approximately  1%  from  the  initial  calculation. 
Therefore,  except  in  one  case  (Table  5)  in  which  the  precipitated 
cpm  were  corrected  for  total  heterologous  NSB  but  proportionately 
for  homologous  (T3)  cpm  (with  the  denominator  homologous  NSB0  ratio 
being  that  for  the  T-  tracer  present),  the  correction  used  was 
proportional  for  total  NSB  (with  the  denominator  NSB.  ratio  from 
the  IMPT  run  itself)  in  those  trials  with  added  heterologous 
tracer . 

DISCUSSION 

Though  correction  of  IMPT  counts  for  nonspecific  binding  does 
not  protect  against  error  in  the  final  result  due  to  possible 
nonspecific  but  real  immunoreaction  with  contaminant  material,  it 
does  protect  against  an  error  due  to  nonimmunoreact ive  tracer 
materials.  Because  the  latter  materials  may  be  present,  e.g., 
iodide  and  iodoprotein  in  a  tracer  kinetic  study,  correction  with 
the  NSB.  ratio  is  recommended  for  use  of  the  IMPT  method. 


Our  finding  of  virtually  complete  recovery  in  quantifying 
tracer  T4  and  T3  in  serum  represents  an  apparent  improvement  in 
recovery  over  that  in  the  methods  (TCA/alcohol ,  washed  matrix,  EAB 
extraction,  GSAE,  the  previously  reported  IMPT,  and  EC)  which  do 
not  rely  on  Sephadex™  fractionation.  Of  these,  the  first  five 
procedures  are  intended  to  quantitate  in  serum  a  parent 
iodothyronine  tracer  that  might  be  injected  for  determination  of 
its  disappearance  kinetics.  Central  to  such  a  use  is  the  intention 
to  quantitate  a  tracer  moiety  that  is  present  in  far  higher 
concentration  than  that  of  other  iodothyronines  which  remain  at  the 
end  and  contain  the  identical  type  of  detectable  tracer 
radioactivity.  This  is  because  all  tagged  iodothyronines  present 
in  the  untreated  sample  are  likely  included  in  the  final 
measurement.  These  methods  cannot  be  supported  for  use  in 
determining  the  presence  or  appearance  of  tracers,  e.g.,  daughter 
compounds  that  are  present  along  with  higher  levels  of  other,  e.g., 
parent,  compounds  with  identical  tracer  radioactivity 
characteristics.  The  IMPT  procedure  described  herein  is  intended 
for  the  same  purpose  as  are  those  methods,  to  quantitate  a  tracer 
iodothyronine  (in  this  case,  T4  or  T3)  in  the  absence  of  large 
contamination  in  the  sample  from  other  radioactive  iodothyronines. 

F  (.  r  T4  IMPT,  a  small  advantage  in  this  regard  occurs 

because  -.ess  than  half  of  daughters  T-  and  rT-  tracers  are  detected 
as  tracer  .  This  would  be  more  than  adequate  to  study  tracer 
kinetics  in  which  labeled  T3  accumulates  to  about  1%  of  tracer  7., 
present,  and  the  accumulation  of  labeled  rT-  is  less  than  that 
(26,27,33,34).  For  cur  T3  IMPT,  specificity  is  even  greater  with 
no  cross-detection  of  T4  or  rT-  label  up  to  almost  2-fold  higher 
heterologous  label  concentration  than  that  for  tracer  T- .  Higher 
excess  contaminant  heterologous  counts  in  the  presence  of  T-,  label 
were  not  explored.  However,  detection  of  no  heterologous  label 
when  used  alone  suggests  that  the  limit  of  (for  example)  excess  T3 
label  would  be  its  interference  only  through  NSB  "noise".  With 
regard  to  the  T3  IMPT,  such  a  "noise"  due  to  serum  T4  label  in  a  T, 
kinetic  study  would  be  of  the  same  order  of  magnitude  (or  greater) 
as  the  labeled  daughter  T3  "signal".  Because  of  the  inherent 
impropriety  of  "correcting"  out  such  a  large  noise  component,  use 
of  the  NSBC  ratio  to  do  so  would  not  be  recommended  to  support  a 
case  for  the  role  of  our  T-  IMPT  in  assessing  T -  appearance  from 
injected  T..  label  with  use  of  peripheral  serum  sampling.  A  case 
for  its  use  in  this  way  might  be  explored  for  sampling  of  urine  in 
which  labelled  T-  is  enriched  relative  to  parent  label  T^ . 

Use  of  our  T3  IMPT  might  more  readily  be  supported  for  studying 
the  serum  tracer  disappearance  kinetics  of  T-.  This  method's 
extreme  specificity  for  T-,  (tested  against  T,  and  rT3)  may  likely 
provide  an  additional  advantage  in  that  such  specificity  against 
its  own  daughter  products  is  also  likely.  Though  an  advantage  was 
claimed  for  accuracy  in  determining  plasma  clearance  rate  of  tracer 
T3  by  exclusion  of  activity  in  T3  products  (32),  the  need  for 
exclusion  of  these  T3  daughters  in  studying  parent  tracer  T3 
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disappearance  kinetics  is  not  widely  accepted,  nor  is  such 
exclusion  usually  undertaken.  The  only  currently  available  methods 
for  such  exclusion  are  highly  work-intensive  and  complex 
(28,32-34).  If  our  T3  IMPT  procedure  does  this  (further 
demonstration  that  it  does  is  still  necessary)  ,  and  if  such 
exclusion  of  T3  daughters  is  important,  our  procedure  has  a 
profound  advantage  of  simplicity  for  this  purpose. 

Compared  to  previous  methods  using  antibody  (GSAE  and  IMPT) , 
our  IMPT  method  has  greater  recovery,  but  also  offers  the  notable 
advantage  cf  lack  of  susceptibility  to  variation  according  to 
sample  type  (including  variation  due  to  different  endogenous 
nontracer  hormone  concentration)  .  This  is  due  to  our  use  of 
multiple  concentrations  of  antibody.  The  other  comparable  methods 
use  only  one  concentration  of  antibody  and  thus  risk  error  due  to 
variation  in  recovery  among  different  samples. 

With  respect  to  washed  matrix  approaches,  our  IMPT  method 
offers  greater  recovery,  except  for  one  of  those  approaches  (33)  in 
which  99%  recovery  was  obtained  after  Sephadex™  G25  column 
absorption  and  then  elution  by  whole  serum.  This  latter  approach 
is  more  complex  to  perform  than  ours,  in  that  it  involves  the 
preparation  of  columns  and  the  production  and  handling  of  eluant 
fractions.  With  respect  to  the  TCA/alcohol  method,  its  incomplete 
recovery  and  the  problem  of  variable  contamination  of  the  results 
by  coextraction  cf  labeled  iodide  make  it  undesirable. 

With  respect  to  the  EAB  method,  though  it  is  simple  in 
principle,  its  recovery  is  notably  incomplete.  As  with  any  method 
having  incomplete  recovery,  it  is  made  more  complex  by  the  need  to 
append  separate  procedures  to  monitor  the  recovery  which  may  vary 
in  the  samples  studied. 

The  potential  use  for  our  IMPT  method  is  principally  the  study 
of  the  serum  disappearance  kinetics  of  the  biologically  active 
iodothyronines ,  T4  and  T3.  With  respect  to  most  other  methods 
previously  developed  for  this  purpose,  it  is  simpler  and  offers  the 
advantage  of  virtually  complete  recovery.  The  few  other  methods 
offering  such  recovery  involve  column  fractionation  and  are  more 
complex.  Further,  for  the  more  specific  T3  IMPT,  our  method  has 
some  potential  for  use  in  assessing  labeled  T3  appearance  from 
parent  labeled  T,.  The  possible  circumstances  for  this  use  include 
those  in  which  the  camples  would  be  expected  to  be  enriched  with 
daughter  T3  label  for  the  amount  of  labeled  T4  present.  These 
include  in  vivo  sampling  of  serum  effluent  in  the  venous  drainage 
of  an  organ,  e.g.,  liver,  whi  'h  supplies  a  large  amount  of  T3  to 
the  circulation  by  conversion  >f  T4  to  T3,  and  in  vitro  assessment 
of  T*  tc  T3  conversion  by  tissues  ( 5 ' -monodeiodinase  activity) . 
All  these  potential  uses  will  be  explored  in  our  endeavor  to 
elucidate  the  changes  in  thyroid  hormone  economy  after  burn  injury. 
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Elevation  of  extravascular  lung  water  occurs  in  the  setting  of 
both  cardiogenic  and  noncardiogenic  pulmonary  edema,  the  latter  a 
problem  frequently  encountered  in  the  thermally  injured  patient. 
Validating  a  clinically  feasible  method  for  estimating 
extravascular  lung  water  and  correlating  the  influence  of  colloid 
osmotic  pressure  and  smoke  inhalation  injury  with  lung  water 
accumulation  may  contribute  to  the  overall  management  of  patients 
with  inhalation  injury. 

Two  animals  have  been  studied  to  date.  Consequently,  it  is  too 
early  to  undertake  any  meaningful  data  analysis;  however, 
preliminary  review  of  the  data  suggests  that  the  double  indicator 
method  may  be  highly  influenced  by  variations  in  cardiac  output. 
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THERMAL-DYE  DOUBLE  INDICATOR  TECHNIQUE  FOR  ESTIMATING 
EXTRAVASCULAR  LUNG  WATER  -  A  COMPARISON  TO 
GRAVIMETRIC  ANALYSIS  AND  THE  INFLUENCE  OF  CARDIAC 
OUTPUT,  COLLOID  OSMOTIC  PRESSURE,  AND  INHALATION  INJURY 
ON  EXTRAVASCULAR  LUNG  WATER  ACCUMULATION 


Starling  (1)  demonstrated  that  the  flux  of  water  in  lung  tissue 
is  influenced  by  both  hydrostatic  and  osmotic  forces  defined  by  the 
equation: 


Qf  =  kf[(Pmv  -  Pi)  -  o(7lmv  -  Tti )  ] 

where  Qf  =  net  transvascular  flow,  Kf  =  microvascular  membrane 
filtration  coefficient,  Pmv  =  microvascular  hydrostatic  pressure. 
Pi  *  interstitial  hydrostatic  pressure,  c  =  the  reflection 
coefficient  for  plasma  proteins  (usually  0.8,  1.0  being  a  perfect 
semipermeable  membrane),  nmv  =  microvascular  osmotic  force,  and 
7ti  =  interstitial  osmotic  force.  Under  normal  resting 
circumstances,  Qf  is  always  positive;  however,  this  small  volume  of 
fluid  flux  is  easily  handled  by  lung  lymphatic  flow.  When  the 
transvascular  flow  exceeds  the  transporting  capacity  of  the 
pulmonary  lymphatics,  extravascular  lung  water  (EVLW)  accumulates 
and  pulmonary  edema  may  develop. 

Lowering  of  interstitial  protein  concentration  in  response  to 
increases  in  microvascular  pressure  is  a  protective  mechanism 
preventing  edema  formation.  Under  normal  circumstances, 
microvascular  oncctic  pressure  is  20-35  cmH20  in  most  mammalian 
species,  principally  due  to  the  albumin  concentration.  In  certain 
disease  states,  this  colloid  osmotic  pressure  may  decrease, 
yielding  an  overall  increase  in  transvascular  fluid  flux  and  EVLW. 

Other  causes  of  increased  EVLW  and  pulmonary  edema  include 
elevated  left  atrial  pressure  and/or  pulmonary  artery  pressure, 
resulting  in  increased  microvascular  hydrostatic  pressure,  an 
increase  in  microvascular  permeability,  which  directly  influences 
the  osmotic  reflection  coefficient  (O)  ,  and  obstruction  of  the 
pulmonary  lymphatics. 

Following  inhalation  injuries,  surfactant  depletion  occurs, 
giving  rise  to  ventilation/perfusion  abnormalities  (2) .  Pulmonary 
surfactant  is  an  important  contributing  factor  in  the  maintenance 
of  normal  lung  fluid  balance.  Loss  of  surfactant  gives  rise  to 
increased  surface  tension,  resulting  in  an  elevated  hydrostatic 
pressure  gradient  which  favors  fluid  movement  from  the  interstitiurn 
into  the  alveolus. 

Direct  measurements  of  the  extent  of  EVLW  accumulation  have 
been  proposed  as  a  more  specific  indicator  of  the  severity  of 
pulmonary  derangement.  Several  methods  are  available,  the  gold 
standard  being  a  postmortem  gravimetric  estimate  of  EVLW  (3)  . 
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Obviously,  this  approach  has  little  clinical  utility  and  has  led 
investigators  to  propose  alternate  in  vivo  measurements  of  EVLW. 
These  methods  include  the  inhalation  of  soluble,  inert  gases  such 
as  helium  and  dimethyl  ether,  the  so-called  Kander  and  Forester 
technique,  and  the  intravascular  injection  of  diffusible  and 
nondif fusible  tracers,  the  so-called  Chinard  technique.  Chinard' s 
original  approach  involved  the  use  of  iodinated  albumin  and  tritium 
(3H20)  to  assess  the  vascular  and  extravascular  compartments, 
respectively,  with  the  difference  yielding  extravascular  fluid 
volume.  Alternatively,  a  thermal-dye  double  indicator  method  has 
been  investigated,  which  utilizes  temperature  differences  and 
indocyanine  green  as  the  freely  distributing  and  intravascular 
indicators,  respectively  (4) . 

The  thermal-dye  method  for  estimating  extravascular  lung  volume 
involves  injecting  a  fixed  volume  of  chilled  indocyanine  green  via 
the  right  atrium  and  measuring  the  change  in  blood  temperature  by 
a  thermistor-tipped  femoral  artery  catheter  and  the  rate  of 
appearance  of  indocyanine  green  by  a  densitometer.  The  difference 
between  the  two  generated  curves  yields  the  EVLW.  Numerous  reports 
have  demonstrated  correlation  of  this  method  with  gravimetric 
methods  of  EVLW  determination  in  canine,  swine,  ovine,  and  primate 
models.  It  has  been  applied  to  septic  and  toxic  inhalation  models 
of  pulmonary  injury  (5,6). 

Unfortunately,  the  thermal-dye  method  has  been  criticized  for 
either  over-  or  underestimating  EVLW  in  various  clinical  settings 
(7,8).  Lewis  and  colleagues  (4)  reported  the  results  in  an  ovine 
model  which  revealed  this  technique  to  overestimate  EVLW  as 
compared  with  gravimetric  analysis  at  normal  levels  of  lung  water 
content  (5-10  ml/kg) ,  to  be  in  close  agreement  at  intermediate 
levels  of  lung  water  (10-20  ml/kg),  and  to  underestimate  EVLW  at 
high  levels  of  pulmonary  EVLW  (>  20  ml/kg) . 

Other  investigators  have  demonstrated  either  a  positive  or 
negative  correlation  with  this  technique  as  .  compared  with 
gravimetric  analysis  at  varying  levels  of  cardiac  output  (9) .  For 
example,  Hill  and  colleagues  (10)  demonstrated  large  increases  in 
cardiac  output  (60-70%)  resulted  in  a  6-7%  underestimate  of  EVLW 
using  the  thermal-dye  technique.  Carlile  et  al  (11),  on  the  other 
hand,  demonstrated  no  dependence  of  lung  water  estimates  on  cardiac 
output,  provided  the  transit  times  for  the  thermal  and  dye 
indicators  were  identical.  This  issue  is  of  particular  concern 
when  applying  the  thermal-dye  indicator  technique  to  the  burn 
patient  as  a  consequence  of  the  hyperdynamic  state  which  arises 
during  the  flow-phase  postinjury. 

If  this  clinically  applicable  technique  for  estimating  EVLW  can 
be  validated  and  correlated  with  colloid  osmotic  pressure  and 
severity  of  inhalation  injury,  valuable  insight  may  be  gained  in 
assessing  the  efficacy  of  various  ventilator  therapies,  the 
influence  of  alterations  of  colloid  content  of  resuscitation 


393 


fluids,  and  the  overall  management  of  the  acute  respiratory 
distress  syndrome  postburn.  The  only  inherent  risks  to  the 
procedure  are  those  associated  with  a  central  venous  line,  a 
femoral  arterial  line,  and  possibly  allergic  reactions  to 
indocyanine  green. 

The  purpose  of  this  study  is  to  evaluate  the  efficacy  of  the 
thermal-dye  indicator  method  for  estimating  EVLW  as  compared  with 
gravimetric  analysis.  This  technique  will  be  evaluated  over  a 
range  of  hemodynamic  parameters.  In  addition,  measurements  of  EVLW 
will  be  correlated  with  colloid  osmotic  pressure  and  varying  doses 
of  smoke  inhalation  in  an  attempt  to  index  the  severity  of 
inhalation  injury. 

MATERIALS  AND  METHODS 

Study  Design.  Twenty-four  male  sheep  weighing  25-45  kg  will  be 
utilized  for  this  study.  The  study  will  be  divided  into  three 
phases . 


Phase  I.  The  goal  of  the  first  phase  of  the  study  is  to 
correlate  the  thermal-dye  double  indicator  technique  with 
gravimetric  estimates  of  EVLW  at  varying  levels  of  cardiac  output. 
Phase  I  will  employ  12  animals,  6  of  which  will  be  anesthetized, 
intubated,  and,  using  the  femoral  vessels,  have  a  side-to-side 
arteriovenous  fistula  constructed  so  as  to  increase  the  cardiac 
output-  The  animals  will  be  placed  in  their  normal  resting 
positions  postoperatively  and  returned  to  their  cages  for  a  3-day 
equilibration  period.  On  postoperative  day  4,  the  animals  will 
again  be  anesthetized,  intubated,  and  instrumented  with  a  Swan-Ganz 
catheter  and  a  femoral  thermistor-tipped  arterial  line  used  for 
lung  water  analysis.  Following  instrumentation,  the  animals  will 
be  placed  in  their  normal  resting  upright  positions  and  baseline 
measurements  of  hemodynamic  indices  (pulmonary  artery  wedge 
pressure,  central  venous  pressure,  and  cardiac  output),  arterial 
blood  gases  (Pa02,  PC02,  pH,  and  02  saturation)  ,  and  colloid  osmotic 
pressure  will  be  made.  Three  measurements  of  the  thermal-dye 
double  indicator  EVLW  will  then  be  made.  This  will  consist  of 
using  indocyanine  green  dissolved  in  5%  dextrose  and  water  at  a 
concentration  of  0.2  mg/n.l  and  chilled  to  0°C.  Ten  milliliters  of 
this  solution  will  be  injected  into  the  right  atrium  and,  using  a 
syringe  pump,  blood  will  be  withdrawn  at  a  constant  rate  of  about 
20-30  ml/min  through  a  densitometer,  and  the  femoral 
thermistor-tipped  arterial  line  will  detect  temperature  changes  to 
provide  estimates  of  mean  transit  time  for  both  the  thermal  and  dye 
indicators.  A  lung  water  computer  will  calculate  the  EVLW. 
Following  completion  of  these  measurements,  a  partial  occluding 
vascular  clamp  will  be  placed  across  the  arteriovenous  fistula  so 
as  to  occlude  it  and  presumably  lower  cardiac  output.  Once  again, 
baseline  measurements  of  hemodynamic  indices,  arterial  blood  gases, 
and  colloid  osmotic  pressure  will  be  made.  Repeat  measurements  of 
the  thermal-dye  double  indicator  EVLW  will  then  be  made  in 
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triplicate.  Following  completion  of  these  measurements,  the 
animals  will  be  placed  on  their  backs  and  the  thorax  opened  rapidly 
with  both  pulmonary  hila  clamped,  and  then  euthanized  with 
potassium  chloride.  The  lungs  will  be  removed,  weighed, 
homogenized  with  equal  amounts  of  distilled  water  and  a  gravimetric 
estimate  of  EVLW,  as  described  by  Pearce  (3),  will  be  performed. 

Six  additional  animals  will  be  studied  at  baseline 
hemodynamic  states.  They  will  be  anesthetized,  intubated,  and 
instrumented  with  a  Swan-Ganz  catheter  and  a  femoral 
thermistor-tipped  arterial  line  used  for  lung  water  analysis. 
Using  the  contralateral  femoral  vessels,  a  side-to-side 
arteriovenous  fistula  will  be  constructed  and  a  partial  occluding 
clamp  will  be  placed  across  the  arteriovenous  fistula.  The  sheep 
will  be  placed  in  their  normal  upright  resting  positions  and 
baseline  measurements  of  hemodynamic  indices,  arterial  blood  gases, 
and  colloid  osmotic  pressure  will  be  made.  Again,  three 
measurements  of  the  thermal-dye  double  indicator  EVLW  will  be  made. 
Following  these  measurements,  the  partial  occluding  clamp  will  be 
removed  from  the  arteriovenous  fistula  so  as  to  create  sudden 
elevation  in  cardiac  output.  Once  again,  baseline  measurements  of 
hemodynamic  indices,  arterial  blood  gases,  and  colloid  osmotic 
pressure  will  be  made  and  triplicate  measurements  of  the 
thermal-dye  double  indicator  EVLW  will  be  performed.  Following 
completion  of  these  measurements,  the  animals  will  be  placed  on 
their  backs,  euthanized,  and  the  thorax  opened.  The  lungs  will  be 
removed,  weighed,  and  homogenized  and  a  gravimetric  estimate  of 
EVLW  performed. 

Phase  II.  The  second  phase  of  this  study  will  examine  the 
influence  of  colloid  osmotic  pressure  on  EVLW  accumulation.  Six 
animals  will  be  anesthetized,  intubated,  and  instrumented  as 
described  previously.  In  this  group  of  animals,  the  Swan-Ganz 
catheter  and  the  femoral  thermistor-tipped  arterial  line  will  be 
brought  out  through  subcutaneous  tunnels  onto  the  back  of  the 
animal  and  protected  with  a  Velcro™  pouch.  The  animals  will  then 
be  plasmapheresed  to  colloid  osmotic  pressure  levels  of  18  or  12 
mmHg.  They  will  then  be  returned  to  their  cages  and  allowed  food 
and  water  ad  libitum.  Following  a  24-h  equilibration  period,  the 
colloid  osmotic  pressure  will  be  reassessed  and  additional 
plasmapheresis  will  be  performed  as  necessary  (possibly  over 
ensuing  days)  until  the  desired  colloid  osmotic  pressure  remains 
constant.  The  animals  will  then  be  anesthetized  and  intubated  and 
baseline  measurements  of  hemodynamic  parameters,  arterial  blood 
gases,  and  colloid  osmotic  pressure  will  be  made.  Three 
measurements  of  EVLW  using  the  double  indicator  technique  will  be 
performed.  Following  the  final  double  indicator  measurement,  the 
animal  will  be  euthanized  and  a  gravimetric  estimate  of  lung  water 
will  be  undertaken. 

Phase  III.  The  final  phase  will  examine  the  influence  of 
smoke  inhalation  on  EVLW  accumulation  over  time.  Inhalation  injury 
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will  be  induced  using  the  standard  smoke  inhalation  model  developed 
at  this  Institute  (12)  .  Three  sheep  will  receive  a  1-U  smoke 
injury  and  3  sheep  will  receive  a  3-U  smoke  injury.  Following  a 

24- h  equilibration  period,  the  animals  will  be  anesthetized, 
intubated,  and  instrumented,  again  using  a  Swan-Ganz  catheter  and 
a  femoral  thermistor-tipped  arterial  line.  These  devices  will  be 
subcutaneously  tunnelled  to  the  back  of  the  animal  and  secured  with 
a  Velcro™  pouch.  Baseline  measurements  and  double  indicator  EVLW 
determinations  will  be  made  at  this  point  and  again  at  48,  72,  and 
96  h  following  smoke  injury.  In  the  interim  period,  the  animals 
will  be  permitted  food  and  water  ad  libitum.  Following  completion 
of  all  measurements,  the  animals  will  be  euthanized  and  a 
gravimetric  estimate  of  their  lung  water  will  be  undertaken. 

Description  of  Procedures.  Twenty-four  male  sheep  weighing 

25- 45  kg/kg  will  be  utilized  for  this  study.  Each  sheep  will  be 
housed  in  a  conventional  outdoor  run  and  will  have  access  to  food 
and  water  ad  libitum.  Sheep  will  be  dewormed  2  weeks  prior  to  use. 

Phase  I.  On  the  day  of  the  study,  6  animals  will  be 
anesthetized  with  sodium  pentobarbital  (35  mg/kg  IV,  Calbiochem,  La 
Jolla,  CA)  through  a  20-ga  needle  and  intubated.  They  will  then  be 
instrumented  with  a  peripheral  venous  catheter.  Lactated  Ringer's 
will  be  constantly  infused  at  a  rate  of  1  ml/kg/h  and  anesthesia 
will  be  maintained  with  sodium  pentobarbital.  A  side-to-side 
femoral  arteriovenous  fistula  will  then  be  constructed  using  a  6-0 
Proline™  suture.  The  wounds  will  be  closed  and  the  animals  will 
be  placed  in  the  resting  upright  position  and  returned  to  their 
cage  upon  awakening.  After  a  3-day  equilibration  period,  the 
animals  will  be  anesthetized  with  alpha-chloralose,  intubated,  and 
instrumented  with  a  peripheral  venous  catheter,  a  balloon-directed 
thermodilution  pulmonary  artery  catheter  (7F,  American  Edwards 
Company,  Irvine,  CA)  and  a  femoral  thermistor-tipped  arterial  line 
(Model  No.  500307,  American  Edwards  Laboratory,  Santa  Anna,  CA) 
which  will  be  placed  in  the  femoral  artery  by  cutdown .  The 
previously  constructed  femoral  arteriovenous  fistula  will  be 
dissected  out  so  as  to  permit  the  application  of  a  partial 
occluding  clamp  in  the  latter  phase  of  this  phase.  Anesthesia  will 
be  maintained  with  alpha-chloralose  and  lactated  Ringer' s  will  be 
constantly  infused  at  a  rate  of  1  ml/kg/h.  Animals  will  then  be 
paralyzed  with  pancuronium  bromide  (0.03-0.04  mg/kg,  PavulonR, 
Organon  Pharmaceuticals,  West  Orange,  NJ)  .  After  instrumentation, 
the  animals  will  be  positioned  in  the  resting  upright  position  and 
conventional  ventilation  will  be  continued  with  a  volume-limited 
ventilator  (Bear  IIR,  Bear  Medical  Systems,  Inc.,  Riverside,  CA) . 
Ventilator  settings  will  be  altered  to  maintain  the  pH  between  7.4 
and  7.5.  Animals  will  be  ventilated  with  an  FI02  of  0.21  and  a 
PEEP  of  0.  Central  venous  and  pulmonary  artery  pressures  will  be 
monitored  with  a  Statham  P23  Db  transducer  (Statham  Instruments, 
Oxnard,  CA)  and  systemic  arterial  pressures  with  a  Hewlett-Packard 
1290A  Quartz  transducer  (Hewlett-Packard  Company,  Waltham,  MA)  . 
Baseline  measurements  of  heart  rate,  blood  pressure,  right  atrial 
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pressure,  and  pulmonary  artery  occlusion  pressure  will  be  obtained. 
Arterial  blood  gases  and  mixed  venous  blood  gases  will  be  drawn  and 
immediately  analyzed.  A  serum  sample  will  be  drawn  for  an  estimate 
of  colloid  osmotic  pressure.  The  thermal-dye  double  indicator 
estimate  of  EVLW  will  be  performed  by  dissolving  indocyanine  green 
in  5%  dextrose  and  water  at  a  concentration  of  0.2  mg/ml  chilled  to 
0°C.  Ten  milliliters  of  this  solution  will  be  injected  into  the 
right  atrium  rapidly  and  the  thermal  indicator  will  be  detected  by 
the  femoral  artery  thermistor  and  the  indocyanine  green  by  a 
densitometer  with  a  small  cuvette  placed  external  to  the  catheter 
and  in  series  with  it  through  which  blood  will  be  withdrawn  at  a 
rate  of  30  ml/min  (Model  No.  D402DC410,  Water's  Instrument  Company, 
Rochester,  MN)  .  A  lung  water  computer  (Model  930,  American  Edwards 
Laboratory)  will  be  used  to  calculate  cardiac  output  and  EVLW. 
Following  completion  of  these  measurements  in  triplicate,  a  partial 
occluding  clamp  will  be  placed  on  the  femoral  arteriovenous  fistula 
so  as  to  cause  an  immediate  decrease  in  cardiac  output.  After  a 
30-min  equilibration  period,  measurements  of  heart  rate,  blood 
pressure,  right  atrial  pressure,  pulmonary  artery  pressure,  and 
pulmonary  artery  occlusion  pressure  will  be  obtained.  Arterial 
blood  gases  and  mixed  venous  blood  gases  will  be  drawn  a.  ^ 
immediately  analyzed.  Again,  thermal-dye  double  indicator 
estimates  of  EVLW  will  be  performed  in  triplicate.  Following 
completion  of  these  measurements,  the  animals  will  be  placed  on 
their  backs,  the  chest  opened,  and  vascular  clamps  placed  on  the 
pulmonary  hila.  The  animals  will  then  be  euthanized  with  a 
potassium  chloride  bolus  (20  ml)  through  the  central  venous 
catheter  and  the  lungs  excised.  The  lungs  will  be  weighed  and 
homogenized  in  a  WaringR  blender,  to  which  a  measured  amount  of 
water  will  be  added.  An  aliquot  of  the  homogenate  will  be 
centrifuged  at  10000  g  for  30  min.  Aliquots  of  blood  (drawn  when 
the  organs  were  removed) ,  lung  homogenate,  and  homogenate 
supernatant  will  be  weighed  before  and  after  drying  at  80°C  to  a 
constant  weight.  Standard  formulas  will  then  be  used  to  calculate 
EVLW  and  dry  weight. 

To  complete  this  phase  of  the  study,  6  animals  will  be 
anesthetized,  intubated,  and  instrumented  as  described  above. 
After  instrumentation,  the  animals  will  be  positioned  in  the 
resting  upright  position  and  conventional  ventilation  will  be 
continued  as  described  above.  After  a  30-min  equilibration  period, 
baseline  measurements  will  be  performed.  EVLW  determinations  using 
the  thermal-dye  double  indicator  technique  will  be  performed  in 
triplicate.  Following  completion  of  these  measurements,  the 
partial  occluding  clamp  will  be  removed.  After  a  30-min 
equilibration  period,  similar  baseline  measurements  will  be 
undertaken.  EVLW  measurements  will  be  performed  in  triplicate  and 
following  determination  of  these  measurements,  a  gravimetric 
estimate  will  be  performed  as  previously  described. 

Phase  II.  For  Phase  II,  the  animals  will  undergo  a  similar 
anesthesia  and  instrumentation  period;  however,  in  these  animals. 
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the  catheters  will  be  brought  out  through  subcutaneous  tunnels  onto 
the  back  of  the  animals,  secured,  and  protected  using  Velcro™ 
pouches.  The  animals  will  be  heparinized  and  plasmapheresed  using 
an  AsahiR  plasma  separator  (Parker  Hannifin  Corporation,  Irvine, 
CA)  after  baseline  indices  are  measured.  This  system  utilizes  a 
cellulose  acetate  hollow  fiber  core  which  allows  the  passage  of 
plasma  but  not  cellular  elements.  Three  animals  will  be 
plasmapheresed  to  a  colloid  osmotic  pressure  of  18  mmHg  and  3  other 
animals  to  a  level  of  12  mmHg.  The  animals  will  then  be  returned 
to  their  cages.  Following  a  24~h  equilibration  period,  repeat 
measurements  of  colloid  osmotic  pressure  will  be  made.  If 
necessary,  repeat  plasmapheresis  will  be  performed  daily  until  the 
desired  level  of  colloid  pressure  is  achieved.  The  animals  will 
then  be  reanesthetized  and  the  previously  placed  devices  will  be 
used  to  measure  hemodynamic  indices,  arterial  blood  gases,  colloid 
osmotic  pressure,  EVLW  determinations  using  the  double  indicator 
thermal-dye  technique  as  previously  described.  Following  serial 
measurements,  a  gravimetric  determination  of  EVLW  will  be  performed 
as  previously  described. 

Phase  III.  Phase  III  will  utilize  3  sheep  exposed  to  a  1-U 
smoke  injury,  as  previously  developed  by  this  Institute,  and  3 
exposed  to  a  3-U  smoke  injury.  Twenty-four  hours  after  smoke 
exposure,  the  animals  will  be  reanesthetized,  intubated,  and 
instrumented  as  previously  described.  Again,  the  monitoring 
catheters  will  be  brought  out  through  subcutaneous  tunnels  and 
secured  with  Velcro™  pouches.  Baseline  measurements  will  then  be 
obtained.  These  measurements  will  be  repeated  at  48,  72,  and  96  h 
after  smoke  exposure  without  reanesthetizing  the  animal.  Following 
final  data  collection,  the  animal  will  be  euthanized  and  a 
gravimetric  estimate  of  EVLW  determined  as  previously  described. 

Determination  of  Number  of  Animals  Required.  A  total  of  24 
animals  will  be  used  for  this  study.  This  study  has  not  been 
undertaken  previously,  but  it  is  felt  that  the  number  of  animals  to 
be  used  will  allow  one  to  detect  a  significant  difference  between 
groups  with  a  type  I  error  of  0.05  and  a  type  II  error  of  0.10. 

Data  Analysis  Plan,  A  paired  t  test  will  be  performed  to 
determine  the  presence  of  significant  differences  between  groups, 

RESULTS 

Two  animals  have  been  studied  to  date.  Consequently,  it  is  too 
early  to  undertake  any  meaningful  data  analysis;  however, 
preliminary  review  of  the  data  suggests  that  the  double  indicator 
method  may  be  highly  influenced  by  variations  in  cardiac  output. 

DISCUSSION 

Though  it  is  too  early  to  derive  any  conclusions  from  this 
study,  the  results  from  the  first  two  animals  studied  suggest 
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significant  variations  in  EVLW  measurements  using  the  double 
indicator  technique  with  variations  in  cardiac  output.  If  this 
observation  is  sustained  by  further  animal  study,  this  method  may 
not  be  an  accurate  means  for  determining  EVLW  under  conditions  of 
extremes  in  hemodynamic  performance,  such  as  may  be  encountered  in 
burn  patients.  Further  evaluation  of  the  technique  will  continue 
during  the  next  fiscal  year. 
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Clinical  and  animal  studies  suggest  that  burn  injury  induces 
alterations  in  zinc  metabolism.  It  also  has  been  established  that 
zinc  nutriture  can  cause  alterations  in  the  immune  response,  but 
there  is  a  paucity  of  information  concerning  the  interrelationship 
between  burn  injury,  zinc  nutriture,  and  the  immune  response.  In 
the  present  study,  rats  were  subjected  to  full-thickness  dorsal 
scald  injuries  of  30%  of  the  total  body  surface  and  then  maintained 
on  sufficient  or  deficient  zinc  intake.  The  rats  were  immunized 
with  sheep  RBCs  on  day  6  postburn  and  sacrificed  4  days  later.  The 
spleens  were  excised  and  spleen  lymphocytes  isolated  and  used  in  a 
Jerne  plaque  assay  to  determine  the  number  of  plaque-forming  cells 
(PFCs).  The  burn/zinc-sufficient  regimen  significantly  increased 
(P  <  0.01)  the  PFC  response  when  compared  to  unburned 
zinc-sufficient  or  zinc-deficient  control  rats.'  Burned  rats  that 
were  maintained  on  a  zinc-deficient  regimen  showed  a  significant 
decrease  (P  <  0.05)  in  PFCs  when  compared  to  burned  rats  maintained 
on  a  zinc-sufficient  regimen.  This  study  indicates  an  interaction 
of  zinc  in  the  primary  humoral  immune  response  following  thermal 
injury . 
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PRELIMINARY  STUDIES  ON  ZINC  HOMEOSTATIC  CONTROL 
AND  IMMUNOCOMPETZNCZ  IN  A  BURNED  ANIMAL  MODEL: 
JERNE  PLAQUE  ASSAY 


A  considerable  body  of  evidence  exists  relating  zinc  nutriture 
to  immunocompetence  in  both  laboratory  animals  and  humans  (1-4) . 
Zinc  deficiency  in  young  animals  produces  abnormalities  in  thymus 
morphology  which  appear  to  correlate  with  defective  T  cell 
maturation  and  function  (5)  .  Postthymic  differentiation  of  T 
lymphocytes  is  also  affected  by  zinc  intake  as  evidenced  by 
impaired  delayed  hypersensitivity  responses  observed  in 
zinc-restricted  adult  animals  (6)  .  Thus,  thymic-dependent  and 
—independent  maturational  events  of  T  lymphocytes,  which  function 
in  both  cellular  and  humoral  immune  responses,  are  influenced  by 
zinc  nutriture. 

In  view  of  the  well-documented  perturbations  in  metabolism  and 
immune  function  in  burn  victims,  we  have  begun  studies  on  the 
possible  interactions  of  zinc  metabolism  and  immunocompetence 
following  burn  injury.  We  previously  demonstrated  that  rats 
receiving  30%  total  body  surface  burn  injuries  and  zinc  restricted 
for  10  days  postburn  exhibited  a  significant  increase  in 
T-suppressor  cells  (7).  The  present  report  describes  the  results 
of  further  studies  designed  to  determine  whether  zinc  nutriture 
influences  the  humoral  response  to  a  single  injection  of  sheep  red 
blood  cells  (SRBCs)  in  rats  following  burn  injury. 

MATERIALS  AND  METHODS 

Experimental  Animals.  A  total  of  72  male  Sprague-Dawley  rats 
(Harlan  Sprague-Dawley,  Inc.,  Houston,  TX)  weighing  approximately 
350  g  were  used  for  these  studies.  The  rats  were  housed  in 
individual  stainless  steel  cages,  given  distilled  deionized  water 
ad  libitum,  maintained  on  a  12/12  light/dark  cycle,  and  fed  a 
semipurified  diet  (Ziegler,  Inc.,  Gardners,  PA)  (ingredients  as  a 
percentage  of  diet:  egg  white  solids,  20%;  sucrose,  31%;  corn 
starch,  31.2%;  cellulose  powder,  3%;  vitamin  premix,  0.5%;  mineral 
premix,  4.0%;  choline  bitartrate,  0.3%;  and  corn  oil,  10%)  designed 
to  meet  all  the  nutrient  requirements  of  the  adult  rat  except  for 
zinc . 


All  animals  were  fed  the  zinc-deficient  diet  (<  0.5  ppm)  ad 
libitum  for  2  weeks  and  given  daily  subcutaneous  injections  of  1  mg 
Zn/kg  as  zinc  '  sulfate.  Weigand  and  Kirchgessner  (8)  have 
determined  the  maintenance  requirement  for  the  rat  to  be 
9  +  125W0 • 75  (kg)  |ig  Zn/day.  Accordingly,  rats  weighing  350  g  would 
be  estimated  to  require  65  |ig  Zn/day  or  0.2  mg  Zn/kg/day  to  meet 
their  maintenance  requirement.  Five  times  this  requirement  was 
given  in  this  study  to  provide  an  additional  requirement  for  the 
burn  injury.  This  level  of  supplementation  appears  not  to  be 
excessive  based  on  the  fact  that  we  have  not  seen  an  increase  in 
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hepatic  or  intestinal  metallothionein  levels  in  control  animals 
(7)  . 


After  a  2-week  equilibration  period,  the  animals  were  weighed 
and  assigned  to  one  of  the  following  regimens  in  a  manner  that 
equalized  mean  body  weight  among  the  treatment  groups  (n=6) : 

Bum  Sufficient  (BZS)  .  Animals  were  subjected  to  a  30% 
total  body  surface  area  burn,  injected  with  1  mg  Zn/kg  daily,  and 
fed  the  semipurified  diet  ad  libitum. 

Burn  Deficient  (BZD) .  Animals  were  subjected  to  a  30% 
total  body  surface  area  burn,  injected  with  saline,  and  fed  the 
semipurified  diet  ad  libitum. 

Control  Sufficient  (CZS) .  Animals  were  injected  with  1  mg 
Zn/kg  daily  and  fed  the  semipurified  diet  ad  libitum. 

Control  Deficient  <CZD) .  Animals  were  injected  with  saline 
and  fed  the  semipurified  diet  ad  libitum. 

Prior  to  burn  injury,  all  animals  were  anesthetized  with  sodium 
pentobarbital  (35  mg/kg  IP).  The  30%  total  thickness  burn  injury 
was  effected  by  exposure  of  the  shaved  dorsal  area  to  90°C  water 
bath  for  10  sec.  Six  days  postburn,  all  animals  were  immunized  by 
injection  of  0.2  ml  of  a  20%  solution  of  SRBCs  into  a  tail  vein. 
Four  days  after  immunization,  the  rats  were  anesthetized  with 
sodium  pentobarbital  (35  mg/kg  IP)  and  sacrificed  by 
exsanguination . 

Spleens  were  placed  in  disposable  Petri  dishes  and  teased  apart 
with  stainless  steel  spatulas  in  HBSS .  The  cells  were  aspirated 
into  15-ml  tubes  and  washed  twice  with  HBSS.  Cells  were  then 
pipetted  onto  4  ml  of  a  Ficoll-Paque™  solution  and  centrifuged  at 
450  g  for  30  min.  The  cells  so  isolated  were  enumerated  using  a 
Coulter"  counter  (Model  Zm,  Coulter  Electronics,  Ltd,  Beds, 
England)  and  diluted  to  a  concentration  of  1  X  106  cells/ml. 

Hemolytic  Plaque  Assay.  Tubes  containing  0.05  ml  SRBCs  (14%  in 
minimum  essential  media  (MEM))  and  0.40  ml  agarose  were  maintained 
at  42  C  in  a  water  bath.  These  tubes  were  removed  from  the  water 
bath  and  0.1  ml  of  the  cell  suspension  added.  This  mixture  was 
spread  on  a  75  X  50-mm  glass  slide  with  a  stirring  rod  and  allowed 
to  solidify  at  ambient  temperature  for  2  min.  The  slides  were 
incubated  in  MEM  for  1  h  at  37°C  in  a  5%  C02  atmosphere.  After 
incubation,  the  slides  were  rinsed  with  physiological  saline  and 
incubated  with  fresh  MEM-guinea  pig  complement  mixture  (1:30). 
After  45  min  incubation,  the  slides  were  rinsed  in  saline  and  fixed 
in  acetone  and  ethanol.  Splenic  plaque-forming  cells  (PFCs)  were 
counted  using  a  dissecting  microscope. 


405 


which  10  ml  of  a  solution  containing  21.5%  perchloric  acid,  7.0% 
sulfuric  acid,  and  71.5%  nitric  acid  was  added.  After 
concentrating  on  a  hot  plate  to  approximately  2  ml,  the  solution 
was  diluted  to  25  ml  with  distilled  deionized  water  and  aspirated 
directly  into  an  atomic  absorption  spectrophotometer  (Model 
5000  AAS,  Perkin-Elmer,  Norwalx,  CT)  for  determination  of  zinc 
concentration . 

One  milliliter  of  20%  trichloroacetic  acid  was  added  to  1-ml 
samples  of  plasma.  These  mixtures  were  vortexed  and  then 
centrifuged  for  20  min  at  500  g.  Zinc  concentrations  of  the 
supernatants  were  also  determined  by  atomic  absorption 
spectrophotometry . 

Statistical  Analysis.  Descriptive  statistics  and  one-way  ANOVA 
of  body  weight  change,  plasma  zinc,  and  hepatic  zinc  were  performed 
(Version  5.0,  Statistical  Analysis  System,  SAS  Institute,  Cary, 
NC) .  When  the  F  statistic  was  found  to  be  significant  (P  <  0.05), 
a  Duncan's  multiple  range  test  was  used  to  test  for  differences 
among  the  treatment  means . 

Due  to  the  nature  of  the  data,  a  different  approach  was  used  to 
analyze  the  PFC  data.  Analysis  of  the  PFC  results  as  described  by 
Daniel  (9)  showed  that  the  data  did  not  follow  a  normal 
distribution;  a  logarithmic  transformation,  however,  normalized  the 
distribution.  To  adjust  for  possible  differences  in  assay 
conditions,  the  PFC  data  were  expressed  as  percentages  of  the 
control  (nonburned,  zinc-sufficient)  mean  for  that  particular 
repetition.  A  factorial  ANOVA  was  used  to  test  for  effects  of 
treatments  and  replication.  Means  were  compared  using  a  Duncan's 
multiple  range  test. 


RESULTS 

The  weight  changes  of  the  rats  from  burn  day  until  day  of 
sacrifice  are  shown  in  Table  1.  CZS  animals  gained  a  mean  of  +13  g 
over  the  10-day  period,  as  opposed  to  +10,  +3,  and  -2  g  for  the 
CZD,  BZS,  and  BZD  regimens,  respectively.  Zinc-deficient  animals 
showed  significantly  lower  mean  plasma  zinc  concentrations  than  the 
supplemented  groups  (P  <  0.05,  Table  1).  A  significant  increase  in 
hepatic  zinc  concentration  was  noted  in  the  BZS  rats  (P  <  0.05). 
Also  shown  in  Table  1  are  plasma  and  hepatic  zinc  concentrations 
from  5  sham— burned  animals  fed  Purina™  laboratory  chow  ad  libitum. 
These  concentrations  were  not  significantly  different  than  the 
sham-burned,  zinc- sufficient  animals  fed  the  purified  ration 
(P  <  0. 05)  . 

A  summary  of  preliminary  studies  to  determine  the  kinetics  of 
the  PFC  response  for  both  burned  and  nonburned  rats  is  shown  in 
Figure  1.  In  both  groups,  PFC  production  reached  a  maximum  4  days 
following  immunization.  The  response  of  the  burned  animals  was 
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TABLE  1.  Body  Weight  and  Tissue  Zinc  Concentration  Data  (Mean 
±  SE) 


_ Zinc _ 

Treatment  _ Body  Weight,  (q) _  Plasma  Liver 

Group  n _ Start _ End _ Change _ (Liq/dl)  (ua/g) 


BZD 

18 

342 

± 

10 

340 

± 

11 

-  2 

± 

2a 

72 

+ 

lla 

86 

+ 

3a 

BZS 

18 

341 

± 

10 

344 

+ 

10 

+  3 

± 

2a 

137 

± 

8b 

121 

+ 

9b 

CZD 

18 

342 

± 

11 

352 

+ 

9 

+  10 

+ 

2b 

75 

± 

10a 

76 

± 

5a 

CZS 

18 

341 

± 

10 

354 

+ 

9 

+  13 

± 

2b 

149 

± 

9b 

94 

± 

5a 

CPC 

5 

— 

— 

- 

153 

+ 

7b 

72 

± 

5a 

These  sharing  common  letters  are  not  significantly  different  (P 
<  0.05)  .  BZD  indicates  30%  total  body  surface  area  burn  and  saline 
injections;  BZS,  30%  total  body  surface  area  burn  and  zinc 
injections;  CZS,  zinc  injections  only;  CZD,  saline  injections  only; 
and  CPC,  Purina  chow  only. 


higher  than  control  animals  on  both  days  4  and  5  following 
immunization . 

PFC  data  expressed  as  both  total  plaques  per  105  lymphocytes 
and  as  percent  of  control  values  are  shown  in  Table  2.  Mean 
responses  (PFC/105  cells)  are  summarized  in  Figure  2.  While  no 
significant  difference  was  found  due  to  repetition  (P  =  0.525), 
burn  injury  alone  caused  a  highly  significant  difference 
(P  <  0.001)  and  zinc  treatment  resulted  in  a  small,  but 
statistically  significant  effect  (P  =  0.039).  Based  on  the 
Duncan's  multiple  range  test  of  mean  differences,  no  significant 
difference  was  found  between  the  BZD,  CZD,  and  CZS  groups  while  the 
mean  PFC  response  for  the  BZS  group  was  significantly  higher 
(P  <  0.05)  than  the  other  three  treatment  groups. 

DISCUSSION 

Zinc  restriction  after  burn  injury  caused  a  reduction  in  tne 
humoral  response  to  a  T-dependent  antigen  when  compared  to  animals 
maintained  on  adequate  zinc  intake.  While  these  results  suggest  a 
possible  relationship  between  zinc  nutriture,  burn  injury,  and  the 
ability  of  rats  to  generate  a  humoral  response,  the  mechanisms  by 
which  zinc  affects  immunocompetence  in  adult  animals  is  unclear. 
One  possibility  is  a  reduction  in  activity  of  a  zinc-dependent 
thymic  hormone  which  influences  both  intrathymic  (10)  and 
extrathymic  (11)  T-cell  differentiation. 
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2  i  4  5  6 

t  a  .  y  .  1 0  .  i  1 


Day  post-immunization/ burn 

FIGURE  1.  Kinetic  response  of  control  (broken  line,  n=18)  and 
burned  rats  (continuous  line,  n*  21)  on  days  3,  4,  and 
5  postin jection  of  0.2  ml  of  20%  suspension  of  SRBCs 
(mean  ±  SEM)  . 


James  et  al  (12)  have  suggested  that  short-term  dietary 
intervention  may  not  directly  affect  peripheral  T-cell  functional 
capacity.  They  have  shown  that  macrophages  from  mice  fed  a 
complete  diet  could  restore  the  in  vitro  proliferation  capacity  of 
T  cells  from  mice  fed  a  zinc-deficient  diet.  Thus,  zinc  might 
affect  humoral  responsiveness  in  burned  animals  by  depressing 
helper  T-cell  and  macrophage  activities. 

It  has  been  well  established  that  the  essential  fatty  acids, 
linoleic  acid  and  arachidonic  acid,  can  be  immunosuppressive 
presumably  because  they  serve  as  precursors  for  prostaglandins  and 
thromboxane  synthesis  (13,14).  This  is  of  particular  importance 
because  burn  injury  leads  to  release  of  dienoic  prostaglandins  and 
thromboxanes  (15,16). 

Alexander  et  al  (17)  have  used  a  flame  burn  guinea  pig  model  to 
show  significant  improvements  in  weight  gain,  metabolic 
expenditure,  cell-mediated  immune  responses,  and  higher  transferrin 
and  lower  C3  serum  concentrations  when  the  animals  were  given  diets 
containing  fats  high  in  eicosapentaenoic  acid  in  place  of  linoleic 
acid  (safflower  oil) .  Guinea  pigs  given  indomethacin,  an  inhibitor 
of  prostaglandin  synthesis,  and  maintained  on  diets  containing 
safflower  oil  had  significantly  lower  metabolic  rates  than  control 
animals . 
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FIGURE  2.  Primary  PFC  response  expressed  as  PFC/105  cells  of  the 
CZS  rats  (mean  ±  SEM)  .  BZD  indicates  30%  total  body 
surface  area  burn  and  saline  injections;  BZS,  30%  total 
body  surface  area  burn  and  zinc  injections;  CZS,  zinc 
injections  only;  and  CZD,  saline  injections  only. 
Treatments  sharing  common  symbols  are  not  significantly 
different  from  each  other  at  P  <  0.05. 


The  relationship  between  changes  in  fatty  acid  metabolism  and 
thermal  injury  i3  relevant  to  the  present  study  since  zinc 
deficiency  has  been  shown  to  effect  arachidonic  acid  metabolism 
(18,19) .  Both  the  chick  and  rat  models  have  shown  that  severe  skin 
lesions  due  to  zinc  deficiency  are  associated  with  a  high 
proportion  of  arachidonate  in  the  skin  fatty  acids  (18) .  The 
pathology  of  the  double  deficiency,  low  essential  fatty  acids  and 
low  zinc  intake,  with  the  rat  model  is  greater  than  the  sum  of  the 
single  deficiencies. 

An  hypothesis  could  be  made  that  the  effect  of  zinc  deficiency 
on  the  immune  response  in  our  study  may  be  associated  with  altered 
fatty  acid  metabolism  and  subsequently  prostaglandin  synthesis. 
Future  work  will  be  designed  to  investigate  this  possible 
interaction. 

There  is  precedence  in  the  literature  for  the  increased  humoral 
response  that  we  have  seen  in  zinc-sufficient,  burn-injured  rats. 
Soderberg  et  al  (20)  have  reported  that  the  secondary  PFC  response 
was  increased  when  mice  were  immunized  with  SRBCs  following  burn 
injury . 
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Recent  studies  have  demonstrated  that  cultures  of  peripheral 
blood  lymphocytes  in  vitro  from  burn  patients  spontaneously  produce 
large  quantities  of  IgM  and  IgG  antibodi  s  (21)  .  In  order  to 
insure  that  the  increased  response  we  observed  was  not  due  to 
spontaneous  polyclonal  expansion  caused  by  burn  injury,  studies 
were  performed  using  splenic  lymphocytes  from  burned  rats  immunized 
with  SRBCs  in  a  plaque  assay  that  utilized  either  SRBCs  or  human 
erythrocytes  (HRBC)  as  target  cells.  While  the  usual  numbers  of 
PFCs  were  produced  when  SRBCs  were  used  as  target  cells,  no  plaques 
were  produced  when  HRBC  were  employed  as  target  cells. 
Furthermore,  no  PFCs  were  observed  when  spleen  cells  from  either 
nonimmunized,  burned  or  nonburned  rats  were  tested. 

The  results  of  the  present  study  support  the  hypothesis  that  an 
interrelationship  between  zinc  nutriture  and  burn  injury  exists. 
We  were  careful  in  our  rat  model  to  insure  that  all  the  rats  had 
sufficient  zinc  body  stores  prior  to  administering  the  ourn  injury 
and  starting  the  zinc  restriction  regimen.  When  considering 
studies  reporting  immunocompetence  in  burn  patients,  it  is  likely 
that  the  burn  patient  population  used  in  a  particular  study  is 
heterogenous  with  respect  to  preburn  nutritional  status .  We  feel 
that  our  studies  involving  zinc  nutriture  indicate  that  some  of  the 
variability,  both  within  and  between  studies,  may  be  due  to  the 
nutritional  status  of  the  patients. 
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The  ELISPOT  method  has  been  utilized  to  enumerate  the  number  of 
plasmacytes  in  response  to  antigen-hapten  complexes.  The  objective 
of  this  phase  of  our  study  was  to  adapt  the  method  to  our  research. 
Preliminary  studies  have  indicated  that  the  ELISPOT  technique  may 
be  a  sensitive  method  for  delineating  the  effect  of  nutritional 
status  and  burn  injury  on  the  humoral  response.  Additional 
experience  with  the  rat  model  will  be  needed  to  further  define  the 
primary  and  secondary  response  to  antigen-hapten  complexes. 
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PRELIMINARY  STUDIES  ON  ZINC  HOMEOSTATIC  CONTROL 
AND  IMMUNOCOMPETENCE  IN  A  BURNED  ANIMAL  MODEL: 

ELI SPOT 


Considering  the  hypermetabolic  state  of  patients  with  severe 
burns,  it  would  appear  that  above  normal  supplementation  of 
essential  minerals  is  warranted.  However,  little  objective 
information  is  available  to  support  the  rationale  for  this 
nutritional  supplementation. 

Some  mix  of  parenteral  and  enteral  feeding  modalities  is 
usually  needed  to  meet  the  increased  caloric  requirements  of 
patients  with  major  burn  injuries.  The  goal  is  usually  to  taper 
the  parenteral  nutrition  as  soon  as  practical,  with  a  concomitant 
increase  in  enteral  alimentation.  There  is  a  paucity  of  research 
concerning  the  effect  of  burn  injury  on  gut  absorption  of  essential 
minerals . 

Mochizuki  et  al  (1)  found  that  burn  injury  had  a  detrimental 
effect  on  mucosal  integrity  in  guinea’  pigs.  They  were  able  to 
prevent  the  depletion  in  mucosal  integrity  by  immediate  postburn 
enteral  feeding.  Carter  et  al  (2)  have  used  the  everted  gut  sac 
transport  technique  to  show  the  detrimental  effect  of  burn  injury 
on  calcium,  glucose,  and  leucine  transport  24  h  after  burn  injury 
in  a  rat  model. 

During  our  investigations  concerning  the  interactions  among 
zinc  nutriture,  immunocompetence,  and  burn  injury,  we  have 
consistently  observed  a  heightened  humoral  response  to  a  single 
injection  of  sheep  RBCs  in  the  rat  model.  Both  the  Jerne  plaque 
assay  and  serum  hemagglutination  titers  have  supported  the  finding 
of  an  increased  humoral  response  in  burn-injured  rats  when  the 
injection  was  given  24  h  or  4  days  postburn.  This  is  contrast  to 
the  highly  referenced  reports  by  Alexander  and  Moncrief  (3-4) . 

The  use  of  RBCs  as  an  immunizing  antigen  presents  a  number  of 
problems.  It  is  difficult  to  extrapolate  the  results  from  these 
studies  to  the  response  in  burn  patients  from  infectious  agents. 
Further,  the  RBCs  contain  multiple  antigenic  proteins  which  do  not 
allow  the  type  of  studies  that  could  be  performed  if  a  single 
antigen-hapten  was  used. 

Czerkinsky  et  al  (5)  have  described  a  method,  ELISPOT,  to 
enumerate  the  number  Of  pla3macytes  responding  to  antigen-hapten 
complexes.  The  objective  of  this  phase  of  our  study  was  to  adapt 
the  method  to  our  research. 

MATERIALS  AND  METHODS 

Study  Design.  Lewis  rats  were  maintained  for  2  weeks  on 
semipurified  ration  (Ziegler,  Inc.,  PO  Box  95,  Gardners,  PA  17324) 
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designed  to  meet  all  known  nutrient  requirements  of  the  adult  rat. 
After  the  2-week  equilibration  period,  the  animals  received  either 
a  30%  full-thickness  scald  or  sham  burn.  At  either  24  h  or  5  days 
after  burn  injury,  the  animals  were  sacrificed  and  the  small 
intestine  was  removed. 

Description  of  Procedures.  Male  Lewis  rats  weighing  ±  250  g 
were  anesthetized,  the  dorsal  surface  was  shaved,  and  a  30%  total 
body  surface  area  scald  burn  (90°C  for  5  sec)  or  sham  burn  (37 °C) 
was  administered.  At  either  24  h  or  5  days  after  burn  injury,  the 
animals  were  anesthetized  and  sacrificed  by  exsanguination . 

ELISPOT.  The  ELISPOT  method  employs  a  combination  of  two 
immunoenzyme  visualization  systems  yielding  distinct  color 
products.  The  method  permits  the  simultaneous  enumeration  of 
mononuclear  cells  secreting  IgG  or  IgM  antibodies.  The  original 
method  was  modified  to  allow  detection  of  IgG-  or  IgM-secreting 
spleen  lymphocytes  from  rats  injected  with  dinitrophenol  (DNP) . 
DNP-KLH  (DNP-hemocyanin  conjugate,  keyhole-limpet)  was  prepared  as 
indicated  in  Table  1.  The  rats  were  injected  intraperitoneally 
with  0 . 5  ml  (2  mg  DNP-KLH)  of  the  DNP-KLH  suspension. 

After  the  animals  were  sacrificed,  the  spleens  were  excised, 
teased  apart  in  HBSS,  and  transferred  to  15--ml  conical  plastic 
tubes.  After  washing  twice  in  HBSS,  the  final  pellet  was  suspended 
in  0.1  X  HBSS  for  20  sec  followed  by  addition  of  2  X  HBSS. 
Finally,  4  ml  of  1  X  HBSS  was  added  followed  by  underlaying  of  1  ml 
heat-inactivated  FCS.  Tubes  were  centrifuged  and  the  final  pellet 
suspended  in  RPMI  culture  media.  This  isotonic  lysing  procedure 
consistently  produces  lymphocytes  that  are  >  90%  viable  with  a 
greatly  reduced  amount  of  RBC  contamination. 

Cell  concentrations  were  adjusted  to  2  X  106  cell3/ml  and  then 
serially  diluted  three  times.  Cells  were  plated  in  96-well 
nitrocellulose  bottom  microtiter  plates  that  had  been  previously 
coated  with  DNP-bovine  albumin  conjugate  (DNP-BSA)  as  described  in 
Table  2. 

After  incubation  for  4  h,  free  cells  were  washed  off  the 
nitrocellulose  and  the  staining  antibodies  were  added.  Alkaline 
phosphatase  conjugated  to  goat  anti-rat  Fc  fragment  and  peroxidase 
conjugated  to  goat  anti-rat  Mu  chain  were  used  to  identify  IgG  and 
IgM-secreting  cells,  respectively.  After  incubation  overnight  at 
4°C,  the  antibodies  were  washed  off  with  subsequent  staining  with 
substrates  as  described  in  detail  in  Table  2,  As  the  enzymes  act 
on  their  respective  substrates,  the  products  precipitate  into  the 
nitrocellulose,  producing  blue  or  red  spots.  Performed  as 
described  above,  the  method  allows  enumeration  of  IgG  or 
IgM-secreting  cells  by  counting  the  number  of  blue  and  red  spots, 
respectively . 
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Goat  anti  rat  IgG  and  IgM  { 1 1 1 2— 005-04 4  and  #112—035—020/  respectively,  Jackson 
Immunology  Research  Laboratories) . 
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DNP-BSA  =  DNP-albumin  conjugate,  bovine  (#324101,  Calbiochem) . 
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(Continued) 


300 
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FIGURE  1.  iqG  (broken  line)  and  IgM  (solid  line)  response  for  the  burn  group  (mean 


•Till 


FIGURE  2.  IgG  (broken  line)  and  IgM  (solid  line)  response  for  the  control  group 
±  SEM) . 
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FIGURE  3.  IgG  response  for  burn  and  control  groups 
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FIGURE  5.  Total  response  for  burn  and  control  groups. 


RESULTS 


The  results  of  preliminary  studies  to  determine  the  effect  of 
burn  injury  on  the  kinetics  of  the  response  to  DNP-KLH  are  shown  in 
Table  1  and  graphed  in  Figures  1-5.  The  kinetics  of  the  primary 
response  to  DNP-KLH  in  the  control  animals  (fig  1)  followed  a 
predictable  pattern  of  an  increased  appearance  of  IgM-producing 
plasmacytes  followed  by  a  later  appearance  of  IgG-producing 
plasmacytes.  The  peak  day  for  the  IgM  response  appeared  on  day  4 
postimmunization .  Although  the  pattern  of  the  response  in  the 
burn-injured  animals  was  similar  to  animals  in  the  control  group, 
the  peak  IgM  response  was  a  day  later  and  appeared  to  be  slightly 
weaker . 


DISCUSSION 

The  ELISPOT  technique  may  be  a  sensitive  method  for  delineating 
the  effect  of  nutritional  status  and  burn  injury  on  the  humoral 
response.  Additional  experience  with  the  rat  model  will  be  needed 
to  further  define  the  primary  and  secondary  response  to 
antigen-hapten  complexes.  Probably  the  methods  strongest  appeal  is 
it  allows  a  transition  to  the  clinical  situation. 
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The  relationship  of  plasma  cytokine  levels  to  infection,  core 
temperature,  transfusion,  surgery,  and  their  relationships  with 
each  other  were  examined  in  patients  with  thermal  injury.  ILip, 
IL6,  and  TNFa  were  serially  measured  by  ELISA  in  the  plasma  of  27 
patients  with  thermal  injury  and  in  16  healthy  control  subjects. 
The  mean  levels  of  all  three  cytokines  were  increased  in  burn 
patients  who  suffered  from  infection  as  compared  to  burn  patients 
who  remained  infection-free.  Mean  plasma  IL6  levels  were  higher  in 
samples  obtained  shortly  before  infection  diagnosis  compared  to 
samples  taken  during  infection,  after  infection,  and  to  samples 
taken  from  infection-free  burn  patients  and  control  subjects. 
There  was  no  difference  in  mean  ILip  levels  before,  during,  or 
after  infection.  There  was  no  apparent  relationship  between  TNFa 
levels  and  infection.  IL6  and  ILip  positively  correlated  with  core 
temperature.  Furthermore,  there  was  a  positive  correlation  between 
IL6  and  ILlP  and  between  IL6  and  TNFa,  but  no  correlation  between 
TNFa  and  ILip.  Surgery  or  transfusion  had  no  discernable  effect  on 
plasma  cytokine  levels. 

These  results  suggest  that  IL6  may  play  a  role  in  the  early 
response  to  infection  during  thermal  injury.  ILip  remains  elevated 
during  the  course  of  and  after  infection  without  detectable  changes 
over  time. 
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INTERLEUKIN  1  (IL1)  ACTIVITY  IN  THE  SERUM 
OF  BURNED  RATS  AND  THERMALLY  INJURED  PATIENTS 


Thermal  injury  causes  increased  infection  susceptibility  which 
can  lead  to  increased  morbidity  and  mortality.  Cytokines,  such  as 
ILlp,  IL6,  and  TNFa,  are  involved  in  the  response  to  infection 
challenge  and  have  been  studied  in  a  number  of  inflammatory 
diseases  (1-6)  .  We  previously  reported  that  ILlfJ  and  IL6  levels 
were  significantly  higher  in  the  plasma  of  patients  with  thermal 
injury  than  in  nonburned  control  subjects  (7)  .  ILl(3  correlated 
with  burn  size  and  time  postburn,  whereas  IL6  strongly  correlated 
with  mortality.  TNFa  was  not  significantly  increased  in  burn 
patients,  but  seemed  to  be  transiently  elevated  in  a  subpopulation 
of  burn  patients. 

In  the  present  study,  we  examined  the  relationship  of  all  three 
cytokines  with  infection  occurring  after  thermal  injury.  Other 
clinical  events,  such  as  transfusions  and  surgeries,  were  also 
examined.  The  study  was  a  preliminary  attempt  to  find  diagnostic 
tools  for  the  early  detection  of  infection  in  severely  burned 
patients. 


MATERIALS  AND  METHODS 

Study  Participant  Data.  Seventy-seven  burned  patients,  with 
burn  sizes  ranging  from  17.5%  to  89%  and  an  average  age  of  35.8  yr 
(range  21-70)  were  enrolled  in  this  study.  The  presence  of 
inhalation  injury  was  not  exclusionary.  All  patients  were 
normotensive  and  hemodynamically  stable  after  uneventful 
resuscitation.  Of  the  27  patients  studied,  12  had  at  least  one 
infection  during  the  study  period.  There  were  7  incidences  of 
pneumonia,  2  of  vaginitis,  1  of  burn  wound  invasion,  1  of 
enterocolitis,  and  3  of  bacteremia.  Other  infections,  such  as 
bronchitis,  urinary  tract  infections,  or  cellulitis  were  not 
considered  to  be  systemic  infections.  Control  subjects  had  an 
average  age  of  37.9  yr  (range  21-58). 

Study  Procedure.  Blood  was  drawn  between  0500  and  0600  h  into 
st€  rile  EDTA  blood  collection  tubes  three  times  a  week  for  6  weeks. 
The  tubes  were  centrifuged  at  750  rpm  for  20  min  and  a  1-ml  aliquot 
of  the  plasma  was  placed  into  a  tube  and  stored  at  -70°C  until 
assayed.  Platelets  were  removed  by  further  centrifugation  at 
11,000  g  for  1  min  immediately  before  assaying.  Plasma  IL1(3 
concentrations  were  measured  in  253  samples  from  21  patients.  Four 
hundred  and  nine  samples  from  27  patients  were  tested  for  TNF„ 
content  and  IL6  was  measured  in  419  samples.  The  number  of  ILip 
specimens  was  lower  because  many  samples  did  not  have  enough  plasma 
to  run  all  three  assays.  Seventeen  plasma  samples  from  the  16 
control  subjects  were  used  as  controls. 
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ELISA.  Cytokines  were  measured  by  ELISA.  The  IL1(5  and  TNFa 
ELISA  kits  were  purchased  from  Cistron  Biotechnology  (Pine  Brook, 
NJ)  and  the  IL6  ELISA  kits  from  Genzyme  Corporation  (Cambridge, 
MA)  .  All  three  procedures  were  sandwich  ELISAs  in  which  the 
molecule  of  interest  was  first  bound  by  an  immobilized  primary 
monoclonal  antibody,  washed  free  of  plasma  components,  and 
subsequently  bound  by  a  rabbit  polyclonal  antibody.  The  reactions 
were  amplified  using  goat  anti-rabbit  IgG  conjugated  to  horseradish 
peroxidase  and  visualized  by  production  cf  color  after  the  addition 
of  peroxidase  substrate.  The  color  intensity  was  proportional  to 
the  amount  of  bound  conjugate,  and  therefore,  to  the  amount  of 
cytokine  present.  The  color  development  was  measured  with  a  MR600 
microplate  reader  (Dynatech  Laboratories,  Inc.,  Alexandria,  VA)  at 
490  nm  or  450  nm. 

Test  Standards.  Cytokine  concentrations  were  calculated  by 
comparing  their  absorbance  to  the  regression  line  of  a  standard 
curve  made  up  of  pooled  plasma  from  control  subjects  enriched  with 
increasing  amounts  cf  recombinant  human  cytokine.  Pooled  control 
plasma  did  not  contain  detectable  concentrations  of  endogenous 
cytokines  when  compared  to  a  bovine  serum  albumin  standard  curve. 
Control  plasma  was  used  for  the  standard  curve  instead  of  bovine 
serum  albumin  to  account  for  possible  interference  of  plasma 
factors  in  the  ELISA.  Sample  measurements  were  accepted  as 
different  from  0  when  their  mean  absorbance  was  two  standard 
deviations  above  that  of  the  nonspecific  binding  of  controls. 
Pooled  control  plasma  without  cytokine  added  was  used  to  determine 
nonspecific  binding  in  all  ELISAs. 

Statistical  Analysis.  Statistical  significance  was  determined 
by  the  Mann-Whitney  U  test,  or  Spearman  rank  correlation  when 
appropriate  (BMDP  Statistical  Software,  Los  Angeles,  CA) . 

RESULTS 

Plasma  cytokine  levels  in  27  burned  patients  were  examined  for 
their  relationship  with  infections.  The  patient  population  was 
divided  into  patients  who  became  infected  and  patients  who  remained 
infection-free.  Table  1  shows  that  the  mean  IL6  concentration  was 
significantly  higher  in  14  infected  patients  than  in  13  patients 
who  remained  infection-free  (P  <  0.0001).  The  mean  TNFft 
concentration  of  infected  patients  was  not  significantly  different 
from  that  of  infection-free  patients  or  controls.  Twelve  of  21 
patients  screened  for  ILip  developed  infections.  Their  mean  I L 1  [5 
concentration  was  significantly  higher  than  that  of  9  uninfected 
patients  (P  <  0 . 05) . 

Cytokine  levels  in  surviving  infected  patients  were  compared  to 
those  of  nonsurviving  infected  patients.  Table  2  shows  that  the 
mean  IL6  concentration  in  patients  who  became  infected  and  died  was 
significantly  higher  than  that  in  infected  patients  who  survived 
(P  <  0.0001)  .  The  mean  TNFft  concentration  of  nonsurviving  infected 
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TABLE  1.  Cytokine  Levels  in  Burned  Patients  With  (+)  and  Without 
(-)  Infection  (Mean  ±  SEM) 


Group 

IL6 

(na/ml) 

IL1P 

(pq/ml) 

TNFa 

(pq/ml) 

Burn  patients 

+  infection 

1.096  ±  0.263* 
(197) 

1.869  ±  0.214** 
(114) 

0.879  ±  0.216*** 
(201) 

-  infection 

0.247  ±  0.026 
(222) 

1.738  ±  0.195 
(140) 

1.128  ±  0.313 
(208) 

Control  subjects 

0.030  ±  0.015 
<  17) 

0.346  ±  0.025 
(  17) 

0.303  ±  0.303 
(  17) 

(  )  indicates  number  of  samples.  *P  <  0.0001,  **P  <  0.05,  ***not 
significant.  Only  infected  and  uninfected  groups  were  compared 
statistically . 


TABLE  2.  Cytokine  Levels  in  Surviving  and  Nonsurviving  Burn 
Patients  with  Infection  (Mean  ±  SEM) 


Group 

IL6 

(nq/ml) 

TNFa 
(pq/ml ) 

Survivors 

0.595  ±  0.132 

0.779  ±  0.185 

(181) 

(185) 

Nonsurvivors 

6.766  ±  2.54* 

2.049  ±  1.688** 

(  16) 

(  16) 

(  )  indicates 

number  of  samples.  *P  <  0.0001, 

**not  significant. 

patients  was  also  higher  than  for  surviving  infected  patients  but 
not  statistically  different.  The  number  of  ILlp  samples  from 
nonsurviving  patients  was  too  small  to  be  included  in  this 
analysis.  Because  of  the  difference  between  these  two  groups,  we 
will  identify  subsequent  data  as  being  from  surviving  or 
nonsurviving  patients. 

We  evaluated  the  time  course  of  cytokine  appearance  ir.  infected 
patients.  Only  samples  from  surviving  infected  patients  were 
included,  since  the  number  of  plasma  samples  from  nonsurviving 
patients  was  too  small  to  be  analyzed  in  this  manner.  We  assigned 
an  8— day  infection  window  to  all  surviving  infected  patients,  where 
day  1  was  one  day  before  infection  diagnosis.  The  window  was 
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ascribed  with  the  assumption  that  invading  organisms  were  present 
at  least  one  day  before  the  patient  symptoms  allowed  a  positive 
infection  diagnosis.  The  prior  7  days  were  called  preinfection  and 
the  recovery  period  of  8  days  following  the  infection  window  were 
defined  as  postinfection.  If  a  patient  developed  two  or  more 
infections  which  were  diagnosed  <  8  days  apart,  the  days  between 
infections  were  excluded  from  data  analysis.  Diagnosis  was  based 
on  clinical  signs  and  supporting  laboratory  data.  Clinical 
treatment  of  the  infection  started  on  the  day  of  diagnosis.  Figure 
1  compares  plasma  cytokine  levels  from  patients  who  remained 
infection-free  to  cytokine  levels  from  infected  patients  before, 
during,  and  after  the  infectious  episode.  The  mean  plasma  IL6 
concentration  in  patients  who  remained  infection-free  was 
significantly  lower  than  in  patients  in  the  preinfection  stage 
(P  <  0.05).  IL6  levels  of  infection-free  patients  did  not  differ 
significantly  from  IL6  levels  of  infected  patients  during  or  after 
infections.  There  was  no  significant  difference  in  mean  TNFa  or 
ILlfi  concentrations  between  any  of  the  groups. 

Figure  2  is  a  temporal  profile  of  plasma  ILiP  and  IL6  levels  ± 
SEM  during  infections  in  surviving  patients.  Infection  diagnosis 
occurred  on  day  0 .  Figure  2A  shows  that  there  were  no  sustained 
changes  in  IL6  levels  during  the  time  period  displayed.  The  mean 
IL6  concentrations  were  higher  than  other  periods  with  greater 
variation  immediately  before  diagnosis  and  declined  slightly  after 
diagnosis  and  start  of  treatment.  IL1|3,  in  contrast  (fig  2B)  , 
increased  3  days  before  diagnosis  and  peaked  3  days  after  infection 
diagnosis.  Plasma  1110  levels  remained  elevated  for  almost  one 
week . 

The  increase  of  IL6  levels  in  the  nonsurviving  infected 
subpopulation  was  examined.  Figure  3  displays  temporal  plasma  IL6 
profiles  of  3  burned  patients  who  subsequently  died  as  compared  to 
the  mean  ±  SEM  of  all  infected  but  surviving  patients  and  controls. 
Patient  5,  who  died  on  postburn  day  13,  had  the  highest  IL6  levels 
between  postburn  days  1  and  5.  One  day  after  the  plasma  IL6 
concentration  peaked,  the  patient  was  diagnosed  with  pneumonia  by 
x-ray  (designated  in  the  figure  by  an  arrow).  On  postburn  day  7, 
Patient  5  was  diagnosed  with  Aspergillus  burn  wound  invasion. 
Patient  13  expired  on  postburn  day  18.  This  patient's  IL6  profile 
peaked  on  postburn  day  3,  one  day  before  diagnosis  of  sepsis  due  to 
Staphylococcus  aureus  (designated  in  the  figure  by  an  arrow) .  On 
postburn  day  10,  the  patient  had  a  second  IL6  peak  and  underwent 
surgery  within  24  h  prior  to  that  measurement.  Patient  25  was 
diagnosed  with  sepsis  on  postburn  day  3  and  died  on  postburn  day  5. 
Plasma  IL6  levels  in  patients  5  and  13  were  lower  before  they  died 
than  when  the  infections  were  diagnosed. 

We  also  examined  the  relationship  between  cytokine  levels  and 
type  of  infection.  Infections  were  divided  into  gram-positive, 
gram-negative,  and  fungal  infections.  Only  samples  taken  8  days 
before  to  8  days  after  infection  diagnosis  were  included  in 
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FIGURE  3.  Temporal  IL6  profiles  for  3  nonsurviving  burned  patients  (PAT).  Data  is 
expressed  on  a  semilog  scale.  Arrows  indicate  the  time  of  infection 
diagnosis.  IL6  concentrations  for  control  subjects  (CTR)  and  surviving 
burned  patients  with  infection  (SURV)  are  expressed  as  mean  ±  SEM. 


analyses.  Even  though  there  was  no  statistically  significant 
difference  in  mean  cytokine  concentrations  bet  aen  gram-positive, 
gram-negative,  or  fungal  infections  (fig  4),  mean  I  LI  (3  and  TNFa 
levels  were  numerically  greater  in  bacterial  than  in  fungal 
infections.  The  mean  1L6  level  in  patients  with  gram-negative 
infections  was  higher  than  those  in  patients  with  gram-positive  or 
fungal  infections  . 

Relationship  of  Plasma  Cytokines  with  Each  Other.  Cytokines 
levels  are  interrelated,  i.e.,  IL6  may  be  induced  by  ILlfJ  or  TNFa. 
We  looked  for  a  possible  relationship  among  plasma  cytokines  by 
stepwise  linear  regression.  There  was  a  positive  correlation 
between  IL6  and  ILlf?  (r  =  0.4732,  P  <  0.0001)  .  A  weak  positive 
correlation  existed  between  IL6  and  TNFa  (r  =  0.2458,  P  <  0.0001), 
but  TNFa  and  ILl(3  did  not  correlate  significantly. 

Effects  of  Surgery  and  Transfusions  on  Plasma  Cytokine  Levels. 

Plasma  from  patients  undergoing  surgery  within  24  h  before  sample 
collection  were  compared  to  all  other  plasma  samples.  Cytokine 
levels  from  patients  undergoing  surgery  did  not  differ 
significantly  from  samples  taken  at  all  other  times. 

Another  potential  trigger  for  changes  in  plasma  cytokine  levels 
are  blood  transfusions.  There  was  no  significant  difference 
between  plasma  cytokine  levels  of  samples  drawn  within  24  h  of 
transfusion  and  samples  collected  at  other  times. 

Plasma  Cytokines  and  Fever.  The  relationship  between  plasma 
cytokine  levels  and  core  temperature  was  examined  and  the  results 
are  shown  in  Figure  5.  Pectal  temperatures  were  taken  routinely 
3-4  h  before  plasma  samples  were  drawn.  Plasma  IL6  and  ILip  levels 
positively  correlated  with  core  temperature  (r  =  0.1656  and 
r  =  0.2456,  respectively).  There  was  no  significant  correlation 
between  plasma  TNFa  levels  and  core  temperature.  The  percentage  of 
positive  ILo  and  IL1|3  samples  as  defined  by  increases  above  the  95% 
confidence  level  of  controls  increased  with  increasing  .emperature 
(fig  5) .  These  data  affirm  previous  raports  of  pyrogenic 
activities  of  IL8  and  IL1J3. 


DISCUSSION 

The  results  of  this  study  suggest  that  plasma  IL6  levels  are 
related  to  systemic  bacterial  infections.  The  relationship  of  ILl(i 
to  infection  remains  less  clear.  TNFU  does  not  appear  to  be 
altered  by  postburn  infectiors. 

The  magnitude  of  plasma  IL6  increases  during  infections  was 
more  than  10-ioid  higher  in  patients  who  subsequently  died  than  in 
survi-  ;ng  patients.  It  remains  unknown  whether  t.hese  increased  IL6 
levels  in  nonsurviving  patients  were  caused  by  infections  or 
whether  they  were  due  to  other  events  occurring  soon  after  burn 
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FIGURE  5.  Cytokine  levels  and  core  temperature  in  burned  patients.  Cytokine  values 
were  grouped  by  core  temperature  as  displayed.  Bars  represent  the 
percentage  of  samples  with  cytokine  concentrations  >  95%  confidence  level  of 


injury-  We  have  previously  reported  that  plasma  IL6  is  elevated 
soon  after  burn  injury  (7) . 

There  is  a  relationship  between  IL6  levels  and  the  time  before 
infection  diagnosis  in  surviving  patients.  IL6  plasma  levels  were 
highest  shortly  before  the  clinical  diagnosis  of  infection. 
Considering  that  some  of  the  infection  process  precedes  the 
clinical  diagnosis  of  infection,  it  is  not  surprising  that 
increased  levels  of  IL6  precede  infection  diagnosis.  Our  data 
would  support  the  findings  of  Fong  et  al  (8)  who  injected  healthy 
volunteers  with  a  single  intravenous  bolus  of  endotoxin.  In  their 
study,  plasma  IL6  levels  peaked  2-4  h  after  injection,  with  typical 
ranges  of  4-25  ng/ml.  This  IL6  concentration  range  is  similar  to 
that  reported  in  this  study. 

Furthermore,  our  data  indicate  that  plasma  IL6  levels  may  have 
some  utility  in  the  diagnosis  of  systemic  bacterial  infection. 
Since  the  increases  in  plasma  IL.6  were  not  always  present  before 
infection  diagnosis,  these  routine  IL6  plasma  measurements  would 


have  to  be 
indications . 

used 

in 

conjunction 

with  other 

early  infection 

Fong  et 

al 

(9) 

have  also 

reported  the 

measurement  of 

circulating  IL1(3,  IL6,  and  TNFa  levels  following  intra-aortic 
infusion  of  live  Escherichia  coli  in  baboons.  Circulating  ILlp  was 
detectable  2  h  after  infusion  and  peaked  after  3  h.  IL6  was 
detectable  3  h  after  infusion  and  rose  throughout  the  8-h  study 
period.  Their  findings  indicated  that  ILlp  appears  early  after 
infusion  followed  by  IL6.  Our  findings  confirm  the  increase  of 
both  cytokine  concentrations  during  infections,  but  we  observed  an 
increase  in  IL6  before  ILip.  Since  we  measured  cytokine  levels 
only  three  times  a  week,  we  may  not  have  been  able  to  see  hourly 
fluctuations  observed  by  Fong  et  al  (9) .  Furthermore,  the 
discrepancy  may  be  due  to  increased  variability  in  a  patient  study 
group  compared  to  the  controlled  baboon  study. 

A  number  of  investigators  have  reported  increased  circulating 
TNFn  following  infectious  diseases,  sepsis,  septic  shock,  and  even 
thermal  injury  (2-4,8) .  Our  results  are  in  variance  with  those 
findings.  Possible  explanations  for  the  discrepancy  include  the 
use  of  a  different  assay,  or  a  different  sample  source,  i.e.,  serum 
rather  than  plasma.  Marano  et  al  (10)  measured  TNFa  in  the  serum 
of  burned  patients  and  found  a  positive  correlation  between  TNFn 
and  sepsis.  Our  data  included  only  2  bacteremic  patients  and  10 
patients  with  other  infections,  and  thus,  it  is  not  surprising  that 
the  results  differ.  In  fact,  Offner  et  al  (4)  reported  that  serum 
TNf  (t  levels  in  patients  with  septic  shock  were  higher  than  those  in 
patients  who  had  infections  which  did  not  evolve  toward  sepsis. 

We  observed  that  the  cytokine  concentrations  did  not  differ 
between  different  types  of  infections;  but  in  general,  it  appeared 
that  bacterial  infections  led  to  higher  plasma  cytokine  levels  than 
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fungal  infections,  e.g,  vaginitis.  Hack  et  al  (1)  examined 
cytokine  levels  in  patients  with  sepsis.  He  reported  that  there 
was  no  difference  in  plasma  IL6  levels  whether  the  infection  was 
gram-negative  or  gram-positive  or  whether  double  infection  was 
present . 

The  positive  correlations  between  IL10  and  IL6  and  between  TNFa 
and  IL6  we  observed  are  consistent  with  the  fact  that  IL6  can  be 
induced  by  ILl(3  and  TNFa  (11-13)  .  Further  studies  examining  the 
close  time  course  of  cytokine  appearance  following  thermal  injury 
will  be  necessary  to  confirm  the  interaction  of  these  three 
cytokines . 

There  was  no  correlation  between  plasma  cytokine  levels  and 
surgery  or  transfusions.  In  contrast,  Cruickshank  et  al  (14) 
reported  that  serum  IL6  rose  within  2-4  h  of  incision  in  patients 
undergoing  elective  surgery  of  varying  severity.  The  response  of 
IL6  correlated  with  the  duration  of  surgery.  One  explanation  for 
this  discrepancy  with  our  data  may  be  that  we  did  not  measure  IL6 
levels  immediately  before,  during,  or  after  surgery.  Our  samples 
were  drawn  within  24  h  of  surgery,  by  which  time  the  IL6  levels  may 
have  returned  to  more  normal  levels,  especially  in  some  patients 
undergoing  minor  surgical  procedures. 

The  positive  correlation  between  plasma  IL6  and  core 
temperature  confirms  findings  by  Nijsten  et  al  (15)  who  reported  a 
correlation  of  plasma  and  serum  IL6  with  body  temperature  in  13 
patients  with  severe  burns.  There  was,  however,  a  discrepancy  in 
the  absolute  levels  of  IL6  between  our  studies  (3.9  vs  170  pM/1). 
Nijsten  et  al  (15)  used  a  biological  assay  while  an  immunoassay  was 
used  in  our  study.  This  probably  accounts  for  the  difference  of 
data.  The  positive  correlation  of  ILlfi  and  core  temperature  was 
expected,  as  IL1  has  been  long  known  as  an  endogenous  pyrogen  (16). 
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CALORIC  REQUIREMENTS  OF  THERMALLY  INJURED  CHILDREN 


The  optimum  nutritional  support  program  for  the  thermally 
injured  child  has  not  been  determined.  The  caloric  requirements  of 
a  burned  child  are  only  marginally  estimated  by  the  existing 
formulas.  The  Curreri  formulas,  the  Harris-Benedict  equations,  and 
the  Wilmore  nomograms  all  differ  in  their  estimation  of  the  caloric 
requirements  for  children,  e.g.,  a  2-yr-old  girl  weighing  12  kg 
(50th  percentile)  and  measuring  86  cm  in  length  (50th  percentile) 
who  has  sustained  a  40%  total  body  surface  area  burn  will  have  an 
estimated  daily  caloric  requirement  of  2,120  kcal  by  the  original 
Curreri  formula  for  children  or  2,200  kcal  by  the  Curreri  "Junior" 
formula  for  1-  to  3-yr-olds,  1,839  kcal  by  the  Harris-Benedict 
equation,  and  1,600  kcal  by  the  Wilmore  nomograms.  Determination 
of  adequate  nutritional  support  is  important  since  inadequate 
caloric  intake  may  result  in  protein  wasting  and  malnutrition, 
whereas  excess  caloric  intake  can  result  in  fatty  infiltration  of 
the  liver,  the  fat  intoxication  syndrome,  dehydration  secondary  to 
hyperglycemia  and  glucosuria,  and  excess  carbon  dioxide  production 
with  subsequent  ventilator  weaning  failure.  All  of  these  potential 
problems  could  be  avoided  by  the  administration  of  the  correct 
number  of  calories  distributed  between  protein,  fat,  and 
carbohydrate . 

Nitrogen  requirements  in  thermally  injured  patients  are 
increased  over  those  in  uninjured  people.  Numerous  studies  have 
demonstrated  that  injured,  hypermetabolic  patients  demonstrate 
ineffective  utilization  of  administered  protein  and  have  an  optimum 
nitrogen  to  calorie  ratio  between  1:135  and  1:200  (grams  nitrogen 
to  nonprotein  kilocalories).  An  optimum  ratio  of  1:150  has  been 
recommended  by  Goodwin  (3)  .  Larger  amounts  of  protein  create  a 
progressively  more  positive  nitrogen  balance  but  have  not  been 
shown  to  improve  survival  (7) . 

The  role  of  fat  as  a  source  of  nonprotein  calories  is  dependent 
upon  the  extent  of  injury  and  the  other  nutrients  administered . 
When  diets  lacking  in  protein  are  used,  carbohydrate  is  more 
effective  in  sparing  body  protein  than  fat.  However,  when  a 
"balanced"  alimentation  regimen  containing  protein,  fat,  and 
carbohydrate  is  devised,  consideration  is  given  to  the 
administration  of  sufficient  calories  as  fat  not  only  to  prevent 
essential  fatty  acid  deficiency,  but  also  to  supply  a  large  number 
of  calories.  Fat  administration  in  excess  of  3  g/kg/day  in  normal 
infants  and  4  g/kg/day  in  normal  adults  can  produce  a  fat  overload 
syndrome  (4).  This  has  been  described  as  consisting  of 
hyperlipidemia,  coagulopathy,  fever,  cholestatic  jaundice,  and 
gastrointestinal  distress.  This  syndrome  is  believed  to  occur  when 
the  rate  of  infusion  exceeds  the  maximum  rate  of  peripheral 
clearance . 
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Studies  comparing  the  utilization  of  fat  and  carbohydrate  as 
energy  sources  have  been  undertaken  in  unburned  surgical  patients. 
A  controlled  study  by  MacFie  et  al  (6)  demonstrated  that  the 
administration  of  as  little  as  17%  of  calories  as  fat  can  reduce 
the  loss  of  lean  body  tissue  and  the  accumulation  of  body  fat  which 
is  seen  when  glucose  is  used  as  the  sole  nonprotein  energy  source. 
A  positive  nitrogen  balance  has  been  achieved  in  postoperative 
patients  with  regimens  supplying  33-38%  of  nonprotein  calories  from 
intravenous  fat  (9)  .  The  fat  infusions  depressed  the  RQ  and 
insulin  levels  and  they  elevated  the  serum  fatty  acid  and  ketone 
levels,  whereas  the  glucose  infusions  elevated  the  RQ  and  the 
pyruvate,  lactate,  alanine,  and  insulin  levels.  A  RQ  >  1  indicates 
that  lipogenesis  is  occurring  and  that  some  of  the  administered 
calories  are  being  utilized  to  synthesize  fat  (10)  . 

The  amount  of  glucose  which  can  be  effectively  utilized  by  a 
stressed,  injured  patient  is  also  unknown.  Based  on  adult  burn 
patients,  Burke  et  al  (1)  have  proposed  that  a  value  of  5  mg/kg/min 
is  the  maximum  rate  beyond  which  physiologically  significant 
increase  in  protein  synthesis  and  direct  oxidation  of  glucose 
cannot  be  expected.  At  levels  above  this,  there  is  increased 
carbon  dioxide  production  and  increased  fatty  infiltration  of  the 
liver.  Looking  at  adult  surgical  patients,  Hill  and  Church  (5) 
have  suggested  a  maximum  rate  of  7  mg/kg/min.  However,  neither  of 
these  studies  addresses  the  situation  of  a  burned  child  and  the 
glucose  administration  ceiling  remains  unknown  in  this 
subpopulation  of  patients. 

In  a  thermally  injured  child,  these  various  formulas  and 
recommendations  create  an  impossible  situation.  Even  when  the 
lowest  caloric  estimate  is  used,  the  constraints  of  a  1:150  gram 
nitrogen  to  nonprotein  kilocalories  ratio,  a  maximum  of  3  g/kg/day 
fat  and  a  maximum  of  5  mg/kg/min  glucose  are  impossible  to  match. 
At  least  one  of  these  recommendations  must  be  ignored.  The  optimum 
nitrogen  to  kilocalorie  ratio  is  well  supported  in  the  literature. 
The  fat  administration  ceiling  is  well  supported  in  unburned 
children  but  no  data  exist  in  burned  children.  The  carbohydrate 
ceiling  has  also  not  been  determined  in  burned  children.  For  these 
reasons,  the  alimentation  regimen  which  will  be  used  as  a  starting 
point  in  this  study  will  be  based  on  the  Wilmore  nomograms  for 
determination  of  the  total  caloric  requirement.  A  1:150  nitrogen 
to  kilocalorie  ratio  will  be  maintained.  The  amount  of  fat  will  be 
initially  limited  to  3  g/kg/day  and  glucose  will  supply  the 
remaining  calories.  It  is  expected  that  this  glucose  infusion  rate 
may  be  >  5  mg/kg/min.  If  the  patient  is  unable  to  tolerate  the 
glucose  infusion  rate  needed  to  deliver  the  calculated  number  of 
calories  based  on  the  initial  estimate,  the  quantity  of  fat  will  be 
increased  and  the  amount  of  carbohydrate  decreased.  This  will 
continue  until  the  total  number  of  calories  delivered  equals  that 
suggested  in  the  initial  estimate.  The  quantity  of  lipid 
administered  will  be  kept  below  that  which  causes  a  serum 
triglyceride  level  >  150  mg/dl.  If  it  should  prove  to  be 
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impossible  to  reach  the  estimated  caloric  intake  due  to  severe 
hyperglycemia  and  coexisting  hyperlipidemia  preventing  further 
increase  in  both  glucose  and  fat  infusions,  the  oxygen  consumption 
and  carbon  dioxide  production  will  be  determined  at  the  maximum 
infusion  rates  which  the  patient  will  tolerate.  These  values  shall 
be  used  as  a  starting  point  to  calculate  a  more  accurate  measure  of 
the  caloric  need.  Further  adjustments  in  the  calories  administered 
will  follow  these  measurements  and  the  RQ  and  resting  energy 
expenditure  determinations  derived  from  these  two  values.  The 
patient's  caloric  needs  will  be  determined  by  measurements  in  the 
Metabolic  Room  using  the  Horizon™  metabolic  cart  and  the 
nutritional  support  will  be  adjusted  to  administer  kilocalories 
equal  to  1.25  X  REE  (8),  maintain  the  RQ  between  0.85  and  1.00,  and 
maintain  a  positive  nitrogen  balance.  The  amount  of  calories 
needed  to  comply  with  these  restraints  will  be  considered  the 
patient's  caloric  requirement. 

MATERIALS  AMD  METHODS 

Number  of  Patients.  Twenty  patients  will  be  enrolled  in  the 
study.  Properly  signed  and  witnessed  DA  Forms  5303-R,  Volunteer 
Agreement  Affidavit,  will  be  obtained  for  each  patient  prior  to 
enrollment  in  the  study. 

Patient  Inclusion  Criteria.  Patients  meeting  the  following 
criteria  will  be  eligible  for  enrollment  in  the  study: 

1.  Patients  admitted  to  the  US  Army  Institute  of  Surgical 
Research  with  burn  injury. 

2.  Male  or  female  patients  <  13  yr  old. 

3.  Patients  with  burn  wounds  >  30%  of  the  total  body 
surface  area. 


Patient  Exclusion  Criteria.  Patients  meeting  any  of  the 
following  criteria  will  be  excluded  from  enrollment  in  the  study: 
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Patient  Assent.  For  children  from  6-12  yr  old,  judgment  by 
the  primary  investigator  and  the  attending  surgeon  will  be  made  as 
to  whether  the  child  is  capable  of  assent.  In  determining  whether 
the  child  is  capable  of  assent,  the  primary  investigator  and  the 
attending  surgeon  will  take  into  account  _he  age,  maturity,  and 
psychological  state  of  the  child  involved.  This  judgment  will  be 
made  for  each  child.  If  it  is  deemed  that  the  child  is  capable  of 
assent,  then  the  research  protocol  will  be  explained  to  that  child 
in  terms  that  he/she  will  understand.  The  child  will  then  be 
enrolled  in  the  study  if  his/her  assent  is  given  and  permission  is 
obtained  from  the  child's  parent  or  legal  guardian.  If  it  is 
deemed  that  the  child  is  not  capable  of  assent  or  if  the  child  is 
>  5  yr  of  age  or  younger,  then  permission  will  be  obtained  from  the 
child's  parent  or  legal  guardian  only. 

Study  Procedures.  On  the  fifth  postburn  day,  each  patient  will 
be  transported  to  the  Metabolic  Room  on  Ward  14A  prior  to  the 
morning  dressing  change.  Oxygen  consumption  and  carbon  dioxide 
production  will  be  measured  using  the  Horizon™  metabolic  cart.  The 
environment  temperature  and  humidity  will  be  maintained  constant 
throughout  each  patient's  stay  in  the  Metabolic  Room.  The  REE  will 
be  calculated  as  will  the  RQ.  Baseline  laboratory  data  will 
include  serum  electrolytes,  creatinine,  cholesterol,  triglycerides, 
platelet  count,  prothrombin  time,  ketone,  and  insulin  values. 
Liver  function  and  partial  thromboplastin  cirne  tests  will  also  be 
performed.  These  serum  laboratory  values  will  be  repeated  at  the 
time  of  each  subsequent  trip  to  the  Metabolic  Room  for  further 
measurements.  All  measurements  in  the  Metabolic  Room  will  take 
place  prior  to  the  morning  dressing  change.  The  patient's  height 
and  baseline  weight  will  be  determined  upon  admission.  Weights 
will  be  obtained  on  a  daily  basis. 

The  patient  will  then  be  begun  on  alimentation  using  either 
parenteral  hyperalimentation  or  enteral  feeding.  If  possible, 
enteral  feedings  will  be  used  to  supply  the  patient's  nutrition. 
If  the  patient's  gastrointestinal  tract  is  not  capable  of 
tolerating  enteral  feedings  for  any  reason,  intravenous 
hyperalimentation  will  be  employed.  The  total  calorie  requirement 
will  be  based  upon  the  lowest  estimated  caloric  need  as  calculated 
from  the  Wilmore  nomograms,  the  Curreri  formulas,  and  the 
Har r 1 s-Benedict  equations.  Nitrogen  administration  will  be 
calculated  to  produce  a  1  g  nitrogen  to  150  nonprolein  kilocalorie 
ratio.  Lipids  will  be  administered  at  a  rate  of  3  a/kg/day. 
Electrolyte  composition  of  the  fluids  will  be  adjusted  to  the 
patient's  needs.  Each  patient  will  receive  standard  vitamin  and 
mineral  supplements. 

Once  the  patient's  intake  has  reached  the  projected 
requirements  and  has  remained  stable  for  3  days,  the  patient  will 
be  transported  to  the  Metabolic  Room  where  oxygen  consumption  and 
carbon  dioxide  production  will  again  be  measured.  A  24-h  urine 
collection  will  be  obtained  on  that  day  as  well.  From  t.his  data, 
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the  RQ  and  REE  will  calculated.  The  grams  of  totally  metabolized 
nitrogen,  carbohydrate,  and  fat  as  well  as  the  nitrogen  balance 
will  also  be  calculated. 

Based  on  the  new  RQ,  REE,  and  nitrogen  balance  measurements, 
the  caloric  requirements  will  be  recalculated.  If  the  RQ  value  is 
<  0.85,  the  total  number  of  calories  will  be  increased  by  10%, 
maintaining  the  1:150  gram  of  nitrogen  to  kilocalories  ratio  and 
the  3  g/kg/day  lipid  infusion  rate.  If  the  RQ  is  >  1.0,  nitrogen, 
carbohydrate,  and  fat  will  be  examined  in  an  effort  to  determine 
which  component  or  components  (protein,  carbohydrate,  fat)  should 
be  reduced  in  order  to  decrease  the  total  number  of  calories  by  10% 
(2)  . 

After  a  3-day  stabilization  period,  these  metabolic 
measurements  will  be  rechecked  and  again  the  caloric  intake 
adjusted  to  bring  the  RQ  to  between  0.85  and  1.0  and  to  keep  the 
nitrogen  balance  positive.  This  3-day  cycle  will  be  repeated  until 
the  caloric  need  is  determined  and  met  tor  two  successive,  3-day 
cycle  measurements.  This  will  be  determined  by  a  positive  nitrogen 
balance,  a  RQ  between  0.85  and  1.0,  and  a  caloric  intake  equal  to 
1.25  X  REE.  Ca’oric  needs  shall  be  redetermined  following  any 
operative  procedure  after  a  3-day  stabilization  period.  During 
these  days,  alimentation  will  be  maintained  at  the  preoperative 
level . 

RESULTS 

This  project  was  approved  by  the  US  Army  Institute  of  Surgical 
Research  Human  Use  Committee  on  9  October  1987.  No  suitable 
pediatric  patients  were  admitted  to  the  Institute  during  this 
reporting  period.  Patients  will  be  asked  to  enroll  in  the  study  as 
they  become  available. 

DISCUSSION 

When  20  patients  have  completed  the  study,  the  data  will  be 
analyzed  to  determine  the  optimum  nutritional  support  program  for 
the  thermally  injured  child. 

PRESENTATIONS /PUBLICATIONS 

None . 
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The  relationship  between  effective  blood  volume  and  related 
hormones  in  burn  patients  following  resuscitation  is  not  well 
understood.  Previous  reports  have  suggested  that  hormone  secretion 
is  altered  by  a  resetting  of  neural  control  mechanisms.  We 
measured  serum  and  urine  sodium,  plasma  renin  activity,  serum 
antidiuretic  hormone,  cardiac  index,  effective  renal  plasma,  flow, 
and  total  blood  volume  in  7  patients  with  thermal  injury.  The  same 
values  (with  the  exception  of  cardiac  index  and  blood  volume)  were 
measured  in  10  control  subjects. 

The  blood  volume  of  the  burn  patient  was  measured  by  "*Cr  RBC 
labeling  and  compared  to  normal  predicted  values  based  on  total 
body  surface  area  and  sex.  Mean  serum  sodium  and  osmolality  were 
138  mM/1  and  286  mosm/kg,  respectively,  in  both  burn  patients  and 
control  subjects.  Mean  ±  SEM  total  blood  volume  in  burn  patients 
was  low,  81%  ±  4%  of  predicted  values.  Cardiac  index  and  renal 
plasma  flow  were  significantly  elevated.  Plasma  renin  activity  and 
antidiuretic  hormone  levels  were  elevated  and  altered  in  the 
direction  expected  from  blood  volume  measurements  despite  the 
findings  of  increased  blood  flow.  Dissociation  of  organ  flow  and 
hormonal  response  suggests  that  simultaneous  direct  blood  volume 
measurements  are  necessary  to  elucidate  factors  other  than  altered 
neural  control  settings  to  explain  hormonal  changes  in  the  flow 
phase  of  injury.  Depressed  total  blood  volume  appears  to  promote 
elevated  antidiuretic  hormone  levels  in  burned  patients  following 
resuscitation.  Whether  there  is  an  additional  role  of  altered 
neural  control  settings  remains  to  be  established. 
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SALT  AND  WATER  BALANCE  IN  THE  THERMALLY  INJURED  PATIENT 


Factors  responsible  for  sodium  and  blood  volume  regulation 
following  injury  are  not  clearly  understood.  Several  authors  have 
interpreted  their  data  to  imply  that  resetting  of  hormonal  control 
mechanisms  occurs  following  thermal  injury,  and  that  this  is  a 
stress  response  which  is  not  sodium-  or  volume-dependent  (1,2)  . 
Although  various  studies  have  examined  one  or  two  factors 
responsible  for  sodium  and  volume  regulation  following  thermal 
injury,  no  one  has  studied  this  system  as  a  whole. 

Antidiuretic  hormone  (ADH)  response  following  thermal  injury 
has  been  recently  examined  (2-4)  .  Morgan  et  al  have  concluded  that 
ADH  levels  were  elevated  postburn  and  remained  so  for  7-10  days. 
In  addition,  the  increased  ADH  levels  appeared  to  have  little 
relation  to  serum  osmolality  and  did  not  affect  urine  output. 
Shirani  et  al  (3)  observed  elevated  plasma  ADH  levels  in 
association  v/ith  hyponatremia  in  burn  patients  even  beyond  the 
first  10  days.  Those  results  were  interpreted  as  being  consistent 
with  the  diagnosis  of  the  syndrome  of  inappropriate  ADH  secretion. 
However,  in  those  studies  blood  or  plasma  volumes  were  not  measured 
simultaneously  with  the  measurement  of  ADH. 

The  renin-angiotensin-aldosterone  axis  has  been  examined 
following  thermal  injury  (1).  Shirani  et  al  suggested  that  the 
elevated  plasma  levels  of  renin  activity,  angiotensin  I, 
angiotensin  II,  and  aldosterone  following  thermal  injury  reflected 
a  resetting  of  hormonal  control  and  were  not  dependent  upon  an 
effective  plasma  volume  deficit.  No  volume  measurements  were  made 
in  that  study.  In  that  group  of  patients,  combinations  of  these 
hormones  remained  volume-responsive  as  verified  by  saline-loading 
tests . 

Atrial  natriuretic  factor  (ANF) ,  a  family  of  potent  natriuretic 
and  diuretic  peptides,  are  present  in  mammalian  cardiac  atria. 
Central  hypervolemia  and  increased  blood  pressure  have  been 
postulated  as  factors  which  promote  ANF  secretion  (5)  .  An 
elevation  of  ANF  has  been  shown  to  blunt  aldosterone  response  to 
stimulation  by  angiotensin  II  (6)  .  The  effect  of  thermal  injury  on 
plasma  ANF  levels  and  how  it,  in  turn,  affects  salt  and  water 
balance  has  not  been  described. 

In  an  attempt  to  define  more  precisely  the  mechanisms  which 
regulate  salt,  and  water  balance  following  thermal  injury,  we  have 
assessed  plasma  levels  of  ADH,  ANF,  and  the 
renin-angiotensin-aldosterone  axis  simultaneously  with  measurement 
of  blood  volume  and  osmolality  in  burn  patients  5  to  16  days 
postburn . 
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MATERIALS  AND  METHODS 


Ten  healthy  control  subjects  (7  male,  3  female)  and  7  patients 
with  thermal  injury  (6  male,  1  female)  were  each  studied  over  a  5-h 
period  with  blood  and  urine  samples  collected  hourly  for 
determination  of  electrolytes  and  creatinine  (see  Table  1). 
Control  subjects  were  allowed  nothing  by  mouth  beginning  at  0000  h 
on  the  day  of  study  while  the  patients'  enteral  feedings  were 
continued  but  oral  intake  was  held.  The  patients'  intravenous 
fluids  were  administered  at  a  rate  to  maintain  adequate  urine 
output  while  allowing  for  an  approximate  10%  daily  loss  of  the 
weight  gain  from  initial  resuscitation.  The  rate  of  fluid 
administration  in  the  control  subjects  was  matched  to  the  mean 
patient  hourly  intake.  Five  patients  were  above  preburn  weight, 
while  two  were  below  preburn  weight  on  the  day  of  study  (Table  1) . 
The  mean  values  during  the  study  period  were  used  as  data  for  each 
patient . 

After  a  tracer  bolus  injection  of  1 3 1 I-hippuran  (I-HIP)  at  the 
second  hour  (0900  h)  ,  additional  blood  samples  were  taken  to 
characterize  I-HIP  decay  in  the  plasma.  Just  before  injection  of 
the  I— HIP,  a  plasma  or  serum  sample  was  taken  for  determination  of 
hormone  concentrations.  Cardiac  index  (Cl)  was  determined  by 
thermodilution  at  intervals  during  the  study,  and  blood  volumes 
were  determined  with  ->1Cr-tagged  autologous  RBCs  at  the  end  of  the 
study  period.  Neither  Cl  nor  blood  volumes  were  measured  in 
control  subjects. 

Sodium  and  potassium  were  determined  by  flame  photometry  and 
osmolality  by  freezing  point  depression.  Urinary  excretion  rates 
and  clearances  were  normalized  to  1.73  m2  total  body  surface  area 
( TBSA)  :  square  root  of  [ (height  in  cm  x  weight  in  kg) /3600]  (7, d)  . 
Preburn  weight  was  used  to  express  variables  requiring  body  weight. 

After  injection  of  I-HIP,  plasma  samples  were  taken  at  5,  10, 
15,  20,  40,  50,  60,  70,  80,  100,  and  120  min  for  counting  in  a 
gamma  scintillation  detector  and  determination  of  effective  renal 
plasma  flow  (9)  .  Effective  renal  plasma  fl^^was  calculated  as  the 
clearance  of  I-HIP  by  fitting  the  plasma  “‘I  radioacti vity  to  a 
biexponential  expression  of  time  after  the  dose  [a^exp (b- time )  + 
a2exp (b2time) ]  and  determining  the  dose  of  ljiI  counted  in  dilution 
separately  [clearance  =  -  dose/ (a^/b-;  +  a?/b-;)]. 

A  ^Cr-tagged  RBC  method  using  an  f  cell  correction  of  0.87  and 
the  peripheral  hematocrit  was  employed  to  estimate  whole  blood 
(Bvol)  and  plasma  (Pvol)  volumes  from  the  RBC  volume  (RBCvol) 
(10,11).  These  volumes  (measured  in  milliliters)  were  compared 
with  those  predicted  as  normal  (10)  on  the  basis  of  sex  and  body 
size  (males:  RBCvol  =  1486  TBSA2  -  4106  TBSA  +  4514,  Pvol  =  995 
exp (0 .  6Q85  TBSA);  females:  RBCvol  =  1167  TBSA  -  479,  Pvol  =  1278 
TBSAi-2y:);  predicted  Bvol  was  the  sum  of  the  predicted  RBCvol  and 
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Pvol)  .  If  the  mean  observed/predicted  ratio  ±  the  95%  or  99% 
confidence  interval  of  the  mean  for  the  patients  did  not  overlap  1, 
the  respective  (0.05  or  0.01)  significance  level  was  determined. 
Using  formulas  (12)  for  direct  prediction  of  expected  normal  Bvol 
based  on  sex  and  body  size  gave  values  very  close  to  the  sum  of 
predicted  RBCvol  +  Pvol  and  did  not  alter  the  results. 

Cortisol,  aldosterone,  ADH,  and  ANF  were  determined  by  RIA  at 
the  Nichols  Institute  (San  Juan  Capistrano,  CA)  ,  where  plasma  renin 
activity  (PRA,  RIA  of  generated  angiotensin  I)  and  corticotrophin 
(ACTH,  two-site  immunoradiometry )  were  also  determined.  Hormone 
values  were  above  the  detectable  limits,  except  for  ADH  in  5 
control  subjects,  in  whom  the  ADH  value  was  recorded  as  1  pg/ml, 
the  least  detectable  value. 

Data  were  analyzed  using  the  BMDP  software  (13)  on  a  Vax-3500 
computer.  The  nonrectilinear  regression  (P3R)  program  was  used  to 
determine  the  parameters  of  the  fit  of  plasma  1JiI  to  time  after 
injection  of  I-HIP.  The  P7D  program  was  used  to  compare  variables 
between  burn  patients  and  control  subjects  with  the  t  test. 

RESULTS 

As  expected,  several  hemodynamic  variables  differed 
significantly  between  the  two  groups  in  a  manner  consistent  with 
the  hyperdynamic  response  to  injury  (Table  2).  The  patients  were 
tachycardic,  with  a  widened  pulse  pressure.  Flow  variables 
(effective  renal  plasma  flow  and  cardiac  index)  were  significantly 
increased  in  patients  (Table  2) . 

The  patients'  RBC  volumes  measured  by  SlCr-labeled  RBCs  were 
significantly  less  than  predicted.  Plasma  volumes  were  100%  of  the 
predicted  values  based  upon  TBSA,  while  total  blood  volumes  were 
81%  of  the  mean  predicted  values  (fig  1) .  Because  the 
observed/predicted  total  blood  volumes  had  a  wide  variance  (95% 
confidence  limits  of  this  value  range  from  70-92%  for  this  patient 
population)  ,  patient  values  were  also  compared  to  the  laboratory 
reference  normal  range  for  blood  volumes  based  upon  body  weight. 
Three  patients  had  total  blood  volume  measurements  which  were 
within  the  reference  normal  range,  while  4  patients  (two  measured 
twice)  had  total  blood  volumes  which  were  below  the  lower  value  of 
the  normal  range  (Table  3) . 

Mean  plasma  sodium  and  osmolality  were  identical  between  the 
two  groups  (Table  4).  Urine  flow  was  signi f icantly  higher  in 
control  subjects,  while  urine  osmolality  was  significantly  higher 
in  the  burn  patients  despite  similar  intravenous  fluid 
administration  rates.  Free  water  clearance  was  2.43  ml/min/1.73  irb 
for  control  subjects  and  -1.65  ml/min/1.73  nd  for  burn  patients. 
Flevated  urinary  potassium  concentrations  and  K+/Na+  ratios  were 
noted  in  the  patients  in  association  with  slightly  lower  serum 
potassium  levels  and  nondepressed  urinary  sodium  values  (Table  4) . 
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FIGURE  1. 


The  percentage  of  predicted  RBC  volume,  plasma  volume, 
and  total  blood  volume  for  all  patients  is  depicted. 
RBC  and  total  blood  volumes  differ  signif icantly  from 
predicted  values  (P  <  0.01)  while  calculated  plasma 
volume  was  normal . 


Hormone  values  for  burn  patients  and  control  subjects  are 
tabulated  in  Table  5.  Morning  cortisol  levels  were  significantly 
higher  in  patients  as  expected,  while  patient  ACTH  levels  were  not 
elevated.  PRA,  ADH,  and  ANF  peptide  levels  were  significantly 
higher  in  patients.  Plasma  aldosterone  levels  tended  to  be  greater 
in  patients  but  not  significantly  so  when  compared  to  the  control 
population.  ADH  levels  were  normal  for  the  3  patients  with  normal 
blood  volumes  and  elevated  for  the  4  patients  with  decreased  blood 
volumes  (P  =  0.05)  (Table  6). 

DISCUSSION 


Altered  neural  setpoints  controlling  the  release  of  ADH  and  the 
renin-angiotensin-aldosterone  axis  have  been  invoked  as  an 
explanation  for  the  elevated  levels  of  these  hormones  which  are 
characteristic  of  the  postresuscitative  phase  of  burn  care. 
Previous  reports  by  Soroff  et  al  (14),  Collentine  et  al  (15), 
Dolocek  (16),  and  Shirani  et  al  (1)  have  all  assumed  that  the 
findings  of  significant  sodium  excretion  and  urine  flow, 
hyponatremia  in  some  patients,  low  or  normal  plasma  osmolality,  and 
elevated  blood  flow  as  indexed  by  increased  glomerular  filtration 
rates  and  cardiac  output  are  an  indication  of  normal  or  increased 
blood  volume.  These  findings,  in  combination  with  less  than 
maximally  dilute  urine  and  elevated  plasma  levels  of  ADH,  have  led 
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TABLE  3.  Total  Blood  Volume 


Patient 

Number 

Postburn  Day 
of  Measurement 

Total  Blood  Volume 
(ml/kq) 

1 

5 

51 . 14 

12 

55.64 

2 

7 

56.90 

3 

10 

68.34 

4 

6 

46.00 

4** 

10 

53.37 

5 

16 

61 .16 

6 

11 

47 .11 

7 

6 

63.97 

*Norma] 

range  for  males  is  60-80 

ml/kg;  for  females. 

55-75  ml/kg. 

**The  second  measurement  in  these  patients  was  not 
included  in  the  data  for  Figure  1. 


to  the  diagnosis  of  syndrome  of  inappropriate  ADH  secretion.  The 
apparent  dissociation  of  blood  volume  and  flow  indices  documented 
in  our  patients  indicates  that  the  finding  of  increased  flow  may 
not  support  the  assumption  that  a  volume  factor  is  absent  in 
burn— induced  syndrome  of  inappropriate  ADH  secretion,  especially 
when  plasma  ADH  and  urine  tonicity  are  high,  even  in  the  setting  of 
a  low  plasma  tonicity.  Thus  it  is  possible  that  if  free  water 
delivery  is  high  enough,  low  blood  volume-induced  ADH  secretion  may 
promote  hyponatremia,  as  seen  in  many  burn  patients.  Though  we  did 
not  test  this  hypothesis  in  our  patients,  the  mean  201  decrement  in 
total  blood  volume  would  suggest  that  the  elevated  levels  of  plasma 
ADH  are  ar.  appropriate  response  in  an  attempt  to  restore  blood 
volume . 

Althougn  hypotension  and  increased  serum  osmolality,  by 
stimulation  of  stretch-  and  osmoreceptors,  respectively,  are  the 
most  potent  stimulators  of  ADH  release,  modest  decrements  in  blood 
volume  may  also  cause  appreciable  pituitary  release  of  this 
hormone.  A  101  decrease  in  blcod  volume  has  been  previously  shown 
to  result  in  a  2-  to  3-fold  increase  in  plasma  ADH  levels  (17)  .  In 
addition,  blood  volume  deficits  on  the  order  of  10-15%  are  known  to 
decrease  the  osmotic  threshold  for  the  release  of  ADH  although  the 
linear  relationship  between  plasma  osmolality  and  plasma  ADH  levels 
is  maintained.  In  our  patients,  a  19%  blood  volume  deficit 
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TABLE  4.  Serum  and  Urine  Levels  (Mean  ±  SEM) 
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TABLE  5.  Hormone  Values 
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£DH  level  (pg/m 


resulted  in  a  4.5-fold  increase  in  plasma  ADH  levels.  The 
significantly  decreased  free  water  clearance  and  increased  urine 
osmolality  seen  in  our  patients,  as  compared  to  the  control 
population,  document  the  expected  influence  of  elevated  ADH  levels 
on  the  kidney. 

Elevated  plasma  renin  activity  and  aldosterone  levels  have  been 
noted  in  burned  patients  during  the  postresuscitative  phase  (1)  . 
As  in  the  previously  referenced  ADH  studies,  blood  volumes  were  not 
measured  and  the  findings  of  elevated  creatinine  clearance  and 
normal  plasma  tonicity  were  used  as  evidence  for  at  least  normal 
blood  volume  at  the  time  of  study.  These  finoings,  in  concert  with 
a  normal  plasma  aldosterone  decline  following  a  mild  volume 
stimulus,  were  interpreted  to  mean  that  the 
renin— angiotensin-aldosterone  system  remained  volume-responsive  in 
burned  patients,  but  that  the  elevated  level  of  function  occurred 
because  of  resetting  of  control  mechanisms.  The  excess  renin 
release  was  attributed  at  least  in  part  to  excess  sympathetic 
activity  which  occurs  following  burn  injury  and  is  also  known  to 
increase  renin  release  (18)  .  In  our  patients,  plasma  renin 
activity  was  significantly  elevated  compared  to  the  control 
population.  Plasma  aldosterone  levels,  although  elevated,  were  not 
statistically  different  from  normal.  The  elevation  in  PRA  in  our 
patients  is  consistent  with  the  anticipated  increase  in  sympathetic 
activity  in  burned  patients.  It  is  possible  that  the  one  time 
measurement  of  fluctuating  plasma  aldosterone  may  not  have  been 
sufficient  to  disclose  an  elevated  integral  aldosterone  level  which 
may  have  been  present  in  light  of  the  elevated  urinary  K+/Na+ 
ratio.  Nevertheless,  the  relatively  small  aldosterone  response  to 
PRA  has  been  commonly  described  in  critically  ill  patients  (19). 
Our  concurrent  finding  of  increased  ANF,  which  is  known  to  decrease 
aldosterone  synthesis,  may  partially  explain  this  finding 
(6,20-22).  Elevated  urinary  potassium  concentrations  and  K+/Na+ 
ratios,  despite  slightly  lower  serum  potassium  and  nondepressed 
urinary  sodium  in  the  burned  patients,  suggest  elevated  aldosterone 
effect  more  likely  on  the  basis  of  a  volume  deficit  than  because  of 
sodium  unavailability. 

The  finding  of  elevated  ANF  levels  does  not  fit  entirely  with 
our  understanding  of  the  normal  stimuli  for  this  cardiac  hormone's 
release.  Typically,  elevations  in  v~iood  pressure  and  atrial 
distension  secondary  to  blood  volume  excess  are  the  stimuli  which 
result  in  an  increase  in  ANF  release  (5)  .  Neither  of  these 
mechanisms  were  operative  in  our  patients.  Recently,  it  has  been 
reported  that,  in  vitro,  elevated  levels  of  ADH  and  angiotensin 
added  to  the  media  with  freshly  excised  rat  atria  resulted  in  a 
significant  increase  in  ANF  release  (23).  Thus,  the  elevated  ADH 
levels  documented  in  our  patients  may  result  in  an  increased 
release  of  ANF.  Elevated  levels  of  ANF  have  been  reported 
following  thermal  injury  and  resuscitation  (24)  .  Other 
investigators  have  reported  a  correlation  between  heart  rate  and 
ANF  release  which  is  independent  of  volume  (25).  The  tachycardia 
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documented  in  our  patients  may  thus  be  partially  responsible  for 
the  elevated  levels  of  ANF  although  this  mechanism  has  recently 
been  disputed  (26)  .  This  in  turn  may  have  a  negative  feedback 
effect  on  aldosterone  secretion.  ANF  appears  to  decrease 
aldosterone  levels  by  inhibiting  synthesis  of  this  hormone  in  the 
adrenal  glomerulosa  cells  (20)  . 

Except  for  the  absence  of  hyponatremia,  our  patients  are 
remarkably  similar  to  those  previously  reported.  Shirani  et  al 
studied  9  patients  with  thermal  injury  in  whom  elevated  ADH  levels 
were  documented  (1) .  Those  patients  had  hypertonic  urine  with  a 
urine  output  of  2.7  1/day,  a  mean  urine  osmolality  of  500  mosm/kg, 
and  a  mean  urine  sodium  of  80  mM/1.  Those  values  are  quite 
comparable  to  those  of  the  present  study  patients,  who  had  a  mean 
urine  flow  of  2.3  1/day,  a  urine  osmolality  of  656  mosm/kg,  and  a 
mean  urine  sodium  of  70  mM/1.  The  mean  plasma  ADH  level  of  6.8 
pg/ml  reported  previously  was  very  close  to  the  levels  documented 
in  our  patients  (5.6  pg/ml).  The  only  differences  between  the  two 
patient  populations  were  the  serum  sodium  and  osmolality;  the 
former  was  138  mM/1  in  our  patients  compared  to  130  rnM  in  the 
earlier  study.  The  mean  plasma  osmolality  of  the  patients  in  the 
earlier  study  was  lower  than  in  the  patients  in  the  present  study 
(276  vs  286  mosm/kg)  .  The  serum  sodium  of  130  mM/1  was  interpreted 
as  being  consistent  with  a  free  water  excess  indicative  of 
increased  blood  volume.  However,  those  laboratory  findings  are 
also  consistent  with  an  intravascular  volume  deficit  in  association 
with  a  large  intravascular  sodium  deficit  which  may  occur  with 
excessive  third-space  fluid  losses  and  an  osmotic  diuresis  prompted 
by  urea,  both  circumstances  which  occur  following  thermal  injury. 

It  appears  that  the  central  problem  in  our  cohort  of  patients 
involves  mobilization  of  the  edema  fluid  to  the  intravascular 
space.  Five  of  the  7  patients  were  markedly  above  preburn  weight 
on  the  day  of  study.  In  addition,  since  the  total  24-h  intake 
surrounding  the  study  period  exceeded  the  estimated  wound 
evaporative  loss  by  at  least  maintenance  fluid  requirements  in  each 
patient,  they  were  all  considered  to  have  received  adequate 
replacement  of  ongoing  fluid  losses.  Fluid  administration  rates 
were  dictated  by  the  patient's  urinary  output  and  serum  sodium.  In 
their  management,  decreasing  urine  outputs  and  increasing  serum 
sodium  levels  were  interpreted  to  be  consistent  with  a  contracting 
blood  volume  and  resulted  in  an  increase  in  the  rate  of  relatively 
hypotonic  intrevenous  fluid  administration.  Failure  to  adjust  the 
rate  was  normally  followed  by  an  increase  in  serum  BUN  and 
creatinine  levels  and  other  signs  of  prerenal  azotemia.  After 
resuscitation,  shifts  of  water  from  the  interstitial  to  the 
intravascular  space  normally  occur  secondary  to  differences  in 
oncotic  pressure  which  normally  favors  water  movement  from  tire 
interstitial  to  intravascular  space .  Following  burn  injury  and 
resuscitation,  the  intravascular  colloid  osmotic  pressure  is  low, 
thus  decreasing  the  net  force  that  determines  water  movement. 
Whether  artificially  increasing  plasma  colloid  osmotic  pressure 
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during  this  time  period  would  improve  edema  mobilization  cannot  be 
answered  from  these  data. 

Findings  of  increased  blood  flow  associated  with  a  hyperdynamic 
circulation  (elevated  cardiac  output)  and  increased  organ  flow 
(increased  effective  renal  plasma  flow,  increased  wound  blood  flow) 
have  previously  been  interpreted  to  indicate  a  normal  or 
supranormal  blood  volume.  Our  findings  of  increased  flow  in 
conjunction  with  modest  decrements  in  total  blood  volume  appear  to 
be  paradoxical.  The  reasons  for  the  dissociation  of  flow  and 
volume  may  lie  in  the  neural  peripheral  vascular  response  to 
injury.  The  effects  of  the  markedly  elevated  beta  adrenergic 
activity  (18),  which  occurs  following  injury  in  association  with 
what  amounts  to  an  effective  arterial-venous  shunt  in  the  wound, 
may  be  enough  to  counterbalance  the  measured  decrements  in  blood 
volume.  Thus,  the  decrease  in  peripheral  vascular  resistance, 
typical  of  the  flow  phase  of  Injury,  may  serve  to  decrease 
afterload  and  raise  the  effective  arterial  capacity  which  is 
underfilled  at  sites  of  hormone  control. 

The  interpretation  of  blood  volume  measurements  is  complicated 
by  various  factors.  First,  there  is  a  difficulty  in  obtaining 
simultaneous  measurements  of  RBC  volume  and  plasma  volume.  The  use 
of  Cr-labeled  RBCs  represents  a  well-standardi2ed  and  accepted 
method  for  the  measurement  of  RBC  volume  (27,28) .  To  obtain  plasma 
volume  estimates,  one  may  either  measure  the  space  directly  by  the 
use  of  radiolabeled  albumin  or  estimate  it  by  the  use  of  RBC  volume 
and  hematocrit.  Use  of  labeled  albumin  in  critically  ill  patients 
significantly  overestimates  plasma  volumes  due  to  the  expanded 
volume  of  distribution  for  this  molecule.  Because  of  this,  plasma 
and  total  blood  volumes  in  burned  patients  are  usually  estimated 
from.  RBC  volume  and  hematocrit  measurements.  Normal  total  blood 
volume  has  been  reported  to  range  from  60-80  ml/kg  for  adult  males 
and  55-75  ml/kg  for  adult  females.  However,  for  comparison 
purposes,  we  first  expressed  our  measured  patient  values  each  as  a 
percentage  of  the  expected  normal  volume  for  that  patient  estimated 
from  the  TBSA  according  to  previously  reported  regressions.  As  a 
group,  our  patients  had  a  total  blood  volume  which  was  81%  of 
predicted.  We  then  compared  each  individual  patient  to  the 
reference  range.  Three  patients  had  blood  volumes  within  the 
normal  reference  range,  while  the  remaining  4  (two  measured  twice) 
had  blood  volumes  which  were  below  the  expected  range.  The  3 
patients  with  normal  blood  volumes  had  ADH  levels  which  were  not 
different  from  the  normal  control  population.  The  patients  with 
low  blood  volumes  had  elevated  levels  of  ADH,  the  expected  response 
based  upon  blood  volume. 

It  appears  from  our  data  that  cardiac  output  and  renal 
perfusion  in  burned  patients  may  not  reflect  effective  blood  volume 
status  as  registered  at  hormonal  control  sites.  The  dissociation 
of  organ  flow  and  hormonal  response  necessitates  simultaneous 
direct  measurements  of  blood  volume  to  elucidate  factors  other  than 
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resetting  of  central  neural  control  mechanisms  to  explain  hormonal 
changes  in  the  flow  phase  of  injury.  Further,  these  data  indicate 
that  in  burn  patients  increased  blood  flow  does  not  depend  upon 
increased  blood  volume. 
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The  ability  of  various  growth  factors  to  enhance  wound  healing 
has  received  recent  interest  with  the  advent  of  recombinant  DNA 
techniques.  Utilizing  this  technology,  increased  quantities  of 
various  factors  previously  available  only  in  extremely  small 
amounts  are  now  being  used  for  study.  The  purpose  of  this  study  is 
to  determine  whether  epidermal,  fibroblast,  or  platelet-derived 
growth  factors  can  enhance  burn  epithelization  in  a 
partial-thickness  burn  wound  in  guinea  pigs.  However,  a  suitable 
source  for  the  procurement  of  growth  factors  has  not  been  found. 
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EFFECT  OF  GROWTH  FACTORS  ON  THE  HEALING 
OF  PARTIAL-THICKNESS  SCALD  WOUNDS  IN  THE  GUINEA  PIG 


The  ability  of  various  growth  factors  to  enhance  wound  healing 
has  received  recent  interest  with  the  advent  of  recombinant  DNA 
techniques.  Utilizing  this  technology,  increased  quantities  of 
various  factors  previously  available  only  in  extremely  small 
amounts  are  now  being  used  for  study.  Epidermal  growth  factor 
(EGF) ,  initially  isolated  from  the  submaxillary  gland  of  mice  (1) 
and  subsequently  identified  in  human  urine  (2) ,  has  been  shown  to 
increase  the  rate  of  endothelial  and  epithelial  proliferation  (3) . 
The  mitogenic  effects  of  EGF  have  been  documented  in  several  models 
(4-5),  although  its  effectiveness  in  stimulating  epithelization  in 
burn  wounds  has  not  been  documented  (6-7).  Fibroblast  growth 
factor  (FGF) ,  originally  noted  for  its  mitogenic  effect  on 
fibroblast,  has  recently  been  found  to  have  potent  angiogenic 
properties.  Platelet-derived  growth  factor  (PDGF)  appears  to  have 
a  variety  of  properties,  one  of  which  is  stimulation  of 
epithelization . 

The  purpose  of  this  study  is  to  determine  whether  these  three 
growth  factors  can  enhance  burn  epithelization  in  a 
partial-thickness  burn  wound  in  guinea  pigs.  If  growth  factors  can 
favorably  alter  the  course  of  burn  wound  healing  in  this  model,  it 
will  form  the  scientific  basis  for  further  investigations  of  tissue 
growth  factors . 


MATERIALS  AND  METHODS 

Study  Design.  Male  guinea  pigs  weighing  400-500  g  will  be 
anesthetized  with  sodium  pentobarbital  (35  mg/kg  IP) .  The  dorsal 
surface  will  be  shaved  and  a  20%  partial-thickness  scald  injury 
produced.  Animals  will  be  secured  to  specially  constructed 
template  devices  and  the  exposed  dorsal  surfaces  exposed  to  a  90°F 
water  bath  for  5  sec  to  actuate  a  deep  partial-thickness  burn  (8)  . 
Upon  completion  of  burn  injury,  the  burn  wound  edges  will  be 
tattooed  and  the  animals  will  be  allowed  to  recover  from 
anesthesia.  They  will  then  be  housed  in  individual  cages  and  fed 
food  and  water  ad  libitum  throughout  the  study  period.  Four  groups 
of  4C  animals  each  will  be  studied.  Group  I  will  serve  as  the 
control  group.  Group  II  will  receive  EGF,  Group  III  will  receive 
FGF,  and  Group  IV  will  receive  PDGF.  Group  I  animals  will  receive 
G . 5  cc  lanolin  cream  (Squibb— Novo ,  Inc.,  Princeton,  NJ)  applied  to 
the  burn  wound  twice  daily.  Group  II  will  receive  0.5  cc  EGF  in  a 
lanolin  base  (1C  pg/ml)  twice  daily.  Groups  III  and  IV  will 
receive  FGF  and  PDGF,  respectively,  prepared  in  a  similar  manner. 
Wounds  will  be  measured  daily  for  assessment  of  contraction.  This 
will  be  accomplished  by  measuring  the  burn  wound  area  utilizing  the 
tattoo  mark  placed  at  the  time  of  burning.  On  postburn  days  5  and 
10,  5  animals  in  each  group  will  be  sacrificed  and  15  animals  in 
each  group  will  be  sacrificed  on  postburn  days  20  and  30. 
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Histological  Evaluation.  At  the  time  of  sacrifice,  the  extent 
of  healing  by  contraction  will  be  assessed  utilizing  a  planimeter 
and  the  extent  of  reepithelization  will  be  assessed  histologically. 
Tissues  will  be  taken  for  evaluation  of  the  general  health  of  the 
animal  and  evaluation  of  concurrent  disease.  Full-thickness  skin 
sections  will  be  taken  at  the  burn  margin  (to  include  burned  and 
nonburned  skin)  to  evaluate  the  healing  process.  Electron 
microscopy  will  be  performed  as  indicated.  All  tissues  will  be 
preserved,  processed,  and  cut  using  standard  methods. 

Statistical  Analysis.  Data  will  be  analyzed  by  ANOVA. 

RESULTS 

This  project  was  approved  by  the  US  Army  Institute  of  Surgical 
Research  Animal  Care  and  Use  Committee  on  14  January  1987. 
However,  a  suitable  source  for  the  procurement  of  growth  factors 
has  not  been  found. 

DISCUSSION 

When  a  suitable  source  for  the  procurement  of  growth  factors 
has  been  identified,  this  stuav  will  continue. 

PRESENTAT a ^aS/ PUBLICATIONS 

None  . 
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expressed  IL2  receptor  as  did  LHR-  cells.  Burn  injury  perturbed 
the  expression  of  this  cell  adhesion  molecule,  which  may  explain 
some  of  the  changes  in  phenotype  and  function  seen  after  thermal 
injury . 
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Coincident  with  an  increase  in  susceptibility  to  infection, 
circulating  lymphocyte  subpopulation  function  and  phenotype  are 
drastically  altered  after  thermal  injury.  The  mechanisms 
underlying  these  Changes  are  unknown.  The  leukocyte-endothelial 
cell  adhesion  molecule  (proposed  as  the  lymph  node-homing  receptor 
or  LHR)  may  influence  the  movement  of  lymphocytes  in  and  out  of  the 
circulation.  We  have  measured  the  expression  of  LHR  on  lymphocytes 
after  thermal  injury.  The  proportions  of  lymphocytes  bearing  LHR 
v/ere  measured  in  26  patients  with  thermal  injury  and  compared  to  28 
healthy  control  subjects.  Lymphocyte  subpopulations  bearing  LHR 
were  determined  by  staining  with  monoclonal  antibodies  and  anti-LHR 
(anti-Leu-8 ) .  Lymphocytes  were  purified  on  Ficoll-Hypaque™ 
gradients  from  heparinized  whole  blood  samples  obtained  from 
patients  twice  weekly  for  up  to  8  weeks  postburn.  Freshly  isolated 
cells  and  cells  cultured  for  24  h  in  the  presence  and  absence  of 
ConA  were  stained  with  the  appropriate  antibody  and  analyzed  by 
flow  cytometry.  Expression  of  IL2  receptor  (IL2R)  after  cell 
culture  was  used  as  an  indicator  of  mitogenic  stimulation.  Tie 
proportion  of  freshly  isolated  cells  expressing  LHR  was  decreased 
by  an  average  of  15%  after  injury  compared  to  the  control 
population.  CD4+  lymphocytes  showed  a  decrease  of  17%  in  the 
proportion  of  cell3  expressing  LHR;  in  CD4-  cells,  expression  was 
not  decreased.  After  24-h  stimulation  with  ConA,  LHR  expression 
decreased  33%  in  both  groups.  The  proportion  of  LHR+  cells 
expressing  IL2R  after  24-h  stimulation  was  44%  lower  for  burn 
patients  than  for  control  subjects,  while  LHR-  cells  expressing 
I L?R  were  decreased  by  only  32%.  We  conclude  that  thermal  injury 
perturbs  the  normal  expression  of  LHR.  Cells  expressing  the  homing 
receptor  appear  less  able  to  respond  mitogenically  to  ConA 
stimulation  after  thermal  injury  than  other  cells.  These  changes 
are  unevenly  distributed  across  the  lymphocyte  subpopulations  and 
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CELLULAR  HOST  DEFENSE  FUNCTION  AFTER  THERMAL  INJURY: 
ASSESSMENT  BY  FLOW  CYTOMETRY  OF  PERIPHERAL  BLOOD  CELLS 


The  ability  of  lymphocytes  to  travel  throughout  the  body  is 
crucial  to  their  ability  to  fight  infection.  Lymphocytes  must  be 
able  to  respond  to  the  secretion  of  cytokine  "signals"  and  travel 
to  the  site  of  inflammation  or  the  place  of  antigen  processing.  In 
response  to  the  proper  cytokines  or  chemotactic  signals,  they 
adhere  to  the  capillary  venules  and  extrude  themselves  across  the 
vessel  wall  and  into  the  tissue.  They  also  travel  to  lymph  organs 
such  as  the  lymph  nodes,  spleen,  liver,  or  even  the  skin.  The 
mechanism  of  the  lymphocytes  ability  to  adhere  to  and  "home"  to 
specific  tissues  is  just  now  beginning  to  be  understood. 
Lymphocytes  and  other  leukocytes  have  a  series  of  adhesion 
molecules  which  they  use  to  adhere  to  specific  receptors  on  various 
types  of  tissue  (1) .  Three  types  of  adhesion  molecules  have  been 
identified  so  far.  The  integrins,  the  LECAMs,  and  the  ICAMs.  Of 
these,  one  of  the  LECAM  molecules  has  been  tentatively  identified 
as  the  lymph  node-homing  receptor  (LHR)  (2) .  It  reacts  with  the 
monoclonal  antibody  anti-Leu-8,  which  marks  a  large  number  of 
circulating  lymphocytic  cells. 

MATERIALS  AND  METHODS 

Study  Participant  Data.  Data  are  based  on  26  patients  with 
thermal  injury  and  28  control  subjects  enrolled  in  this  study. 
Burn  patients  were  enrolled  in  the  study  within  5  days  of  injury. 
The  average  total  body  surface  area  burn  size  was  44.8%.  The 
average  age  of  the  burn  patients  was  44.5  yr  and  33.9  yi  for  the 
control  subjects. 

Call  Preparation.  Heparinized  blood  samples  were  obtained  from 
patients  twice  weekly  for  up  to  8  weeks  postburn.  Lymphocytes  were 
isolated  on  Ficoll-Hypaque™  gradients.  After  washing,  one  portion 
of  the  cells  were  used  for  staining  with  monoclonal  antibodies  and 
analyzed  by  flow  cytometry,  a  second  portion  was  used  for  the 
preparation  of  a  slide  (cytospin)  to  determine  the  extent  of 
nonlymphocyte  contamination,  and  a  third  portion  was  used  for  a 
24-h  culture  with  and  without  the  mitogen  ConA. 

Cell  Staining.  Cells  were  stained  with  monoclonal  antibodies 
(Becton  Dickinson,  Mountain  Home,  CA)  bound  to  either 
phycoerythrin ,  fluorescein  isothiocyanate,  or  biotin. 
A1 lophycocyanin  was  bound  to  biotin-labeled  primary  antibodies  by 
adding  streptavidin  conjugated  to  allophycocyanin .  Anti-Leu-3 
( C D 4 ) ,  anti-Leu-8  (LHR),  anti-Leu-18  (CD45RA) ,  and  anti-IL2  (CD25) 
were  used  to  identify  subpopulations.  IgGl  or  IgG2  conjugated  with 
the  appropriate  dye  marker  were  employed  as  isotypic  controls.  The 
staining  procedure  followed  that  specified  by  the  manufacturer  of 
the  monoclonal  antibody.  Cells  were  fixed  immediately  after 
staining  in  1%  paraformaldehyde. 
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Mitogen  Stimulation.  Cells  were  cultured  for  24  h  using 
RPMI-1640  (GIBCO,  Grand  Island,  NY)  supplemented  with  50  Mm 
glutamine,  100  U/ml  penicillin,  50  mg/L  streptomycin  sulfate,  and 
10%  fetal  bovine  serum  as  culture  medium.  The  cell  concentration 
was  maintained  at  1  X  106  lymphocytes/ml  in  the  presence  and 
absence  of  ConA  (10  |ig/ml)  .  Cells  were  placed  in  sterile  17  X 
75-mm  polypropylene  culture  tubes  and  maintained  in  an  humidified 
atmosphere  containing  5%  C02  at  37°C.  After  culture,  the  cells 
were  washed  twice  in  RPMI  culture  medium  without  ConA  and  once  with 
HBSS .  The  cell  suspension  was  counted  and  the  cell  concentration 
adjusted  for  staining. 

Flow  Cytometry  Analysis.  Subpopulations  were  analyzed  by  flow 
cytometry  using  a  FACSTAR-t-  (Becton  Dickinson)  flow  cytometer. 
Electronic  gates  were  set  on  forward  angle  and  side  scatter 
intensity  using  normal  human  peripheral  blood  lymphocytes  as 
guides.  Nonlymphoid  cell  contamination  was  monitored  by  observing 
the  level  of  anti-Leu-M3  positives  (anti-Leu-M3  binds  monocytes  and 
weakly  binds  granulocytes) .  The  positive  cutoff  was  set  at  a  point 
that  defined  1%  or  less  of  the  electronically  gated  isotypic 
control  sample  as  positive. 

Data  Analysis.  Data  were  compared  by  ANOVA  using  BMDP  Program 
7D  (BMDP  Statistical  Software,  Los  Angeles,  CA) . 

RESULTS 

Patient  and  control  cells  were  analyzed  for  subpopulation 
proportions  by  flow  cytometry.  Figure  1  depicts  the  changes  in 
CD4+  and  LHR+  lymphocytes  after  thermal  injury.  There  are 
significant  decreases  in  CD4  +  cells  and  LHR+  cells  in  the  burn 
patient  compared  to  the  control  population.  Analysis  of  the  cells 
stained  for  both  CD4  and  LHR  show  that  the  decrease  in  LHR 
expression  occurs  only  in  the  CD4+  cells  and  not  CD4-  cells.  This 
decrease  might  reduce  the  ability  of  CD4+  cells  to  home  to  the 
lymph  nodes. 

In  addition  to  CD4  and  LHR,  the  isolated  cells  were  stained 
simultaneously  for  CD45RA.  CD45FA  is  expressed  by  naive 
lymphocytes  which  have  not  responded  to  antigen.  CD45RA-  cells 
includes  those  cells  which  have  responded  to  antigen  previously. 
These  cells  are  able  to  respond  much  more  quickly  to  the  same 
antigen  and  are  termed  "memory"  cells.  Figure  2  compares  the 
expression  cf  LHR  on  CD4+  and  CD4-  memory  cells.  Memory  cells  from 
both  the  CD4+  and  CD4-  subpopulations  expressed  a  lower  proportion 
of  LHR  than  did  those  same  subpopulations  from  control  subjects. 
In  contrast,  naive  cells  did  not  have  decreased  expression  of  LHR. 

Functional  response  to  mitogenic  stimulation  was  measured  by 
the  expression  of  IL2R  24  h  after  the  addition  of  ConA.  Cells  from 
burn  patients  and  control  subjects  were  purified,  placed  in  culture 
with  the  mitogen  ConA,  harvested  after  24  h  in  culture,  and 
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FIGURE  1.  The  difference  in  CD4+  and  LHR+  lymphocyte  subpopulations  in  peripheral 
blood  from  burn  patients  and  control  subjects  (mean  ±  SEM)  .  *P  <  0.05, 
**P  <  0.01,  ***P  <  0.001. 
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FIGURE  2.  The  proportion  of  LHR+  in  CD4+  and  CD4-  memory  and  naive  cells  in  peripheral 
blood  from  burn  patients  and  control  subjects.  Error  bars  are  ±  SEM. 


analyzed  for  IL2  expression  by  flow  cytometry.  The  cells  were 
stained  with  anti-CD4  and  anti-LHR  as  well  as  anti-IL2R.  As  shown 
in  Figure  3,  all  four  subpopulations  of  cells  (CD4+  LKR+,  CD4  + 
LHR-,  CD4-  LHR+,  CD4-  LHR-)  from  burn  patients  had  a  sharply 
deceased  proportion  of  IL2  expressed  than  did  cells  from  control 
subjects.  There  appeared  to  be  no  functional  discrimination 
between  cell  subpopulations  expressing  LHR  or  CD4. 

DISCUSSION 

There  are  two  possible  explanations  for  the  selective  decrease 
in  LHR  expression  in  the  memory  cells  from  the  CD4+  and  CD4- 
subpopulations .  One  is  reduced  expression  by  the  circulating 
cells.  The  second  is  a  selective  removal  of  these  cells  from  che 
circulation.  The  first  would  indicate  a  potential  defect  in  the 
ability  of  the  cells  to  move  into  and  out  of  the  circulation.  The 
second  would  be  a  residual  effect  of  the  cells  leaving  the 
circulation,  probably  in  response  to  lymphokine  signals  from  the 
burn  wound.  If  the  second  possibility  is  true,  it  is  interesting 
that  principally  memory  cells  were  removed  from  circulation  rather 
than  naive  cells.  The  selective  removal  of  memory  cells  is 
supported  by  Picker  et  al  (3)  and  Shimizu  et  al  (4),  who  have  shown 
that  memory  cells  are  selectively  bound  to  inflamed  endothelium  by 
ELAM-1 .  ELAM-1  is  expressed  by  endothelium  after  inflammation  or 
exposure  to  inflammatory  lymphokines.  McKay  (5)  proposes  that  the 
differential  expression  of  adhesion  molecules  on  memory  and  naive 
cells  is  responsible  for  their  different  migration  pathways  and 
removal  from  circulation.  Memory  cells  tend  to  migrate  to 
nonlymphoid  tissue  while  naive  cells  tend  to  migrate  to  lymphoid 
tissue.  Activation  of  cells  results  in  down-regulation  of  LHR  and 
lowered  affinity  for  lymphoid  tissue. 
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FIGURE  3.  Proportion  of  IL2R+  cells  after  24  h  of  stimulation  with  the  mitogen  ConA. 

The  percentage  of  each  of  the  CD4 ,  LHR  subpopulations  from  control  subjects 
and  burn  patients  that  express  IL2R  are  shown  as  ±  SEM.  ***p  <  0.001. 
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The  time  of  measurement  of  biochemical  changes  in  the  blood  and 
wounds  of  rats  subjected  to  20%  total  body  surface  area  sham  or 
partial-thickness  scald  burns  has  been  extended.  The  water  content 
of  the  burn  wound  was  still  0.7  ml  greater  at  7  days  postburn  (PB) 
and  0.5  ml  greater  at  14  days  PB  than  that  of  sham  wounds.  Lactate 
and  ATP  content  of  blood  and  lactate  content  of  wounds  of  sham  and 
burned  rats  were  not  different  at  3  and  7  days  PB.  ATP  content  of 
burn  wounds  increased  from  its  lowest  value  of  19%  of  sham  content 
at  24  h  PB  to  39%  and  57%  of  sham  at  3  and  7  days  PB,  respectively. 

Routine  histological  examination  of  burn  wound  tissue  showed 
that  blood  vessels  in  the  upper  and  lower  dermis  contained  clumped 
erythrocytes  during  the  early  postburn  period  but  those  in  the 
lower  dermis  began  to  clear  after  24  h  PS.  Some  new  vessels  began 
to  appear  in  the  subcutaneous  tissue  by  48  h  PB.  At  24  h  PB,  the 
epidermis  was  completely  necrotic  but  there  was  surviving 
epithelium  in  some  of  the  hair  follicles.  At  7  days  PB,  the 
necrotic  epithelium  was  raised  above  the  surface  of  the  wound  and 
there  was  a  viable  layer  composed  of  squamous  epithelial  cells 
underneath . 

A  different  method  for  isolation  of  cells  from  wound  tissue  in 
which  the  diced  tissue  was  first  incubated  in  a  solution  of 
collagenase  and  hyaluronidase,  washed,  and  then  incubated  in  a 
solution  of  protease  XXV  produced  a  greater  yield  of  viable  cells. 
These  cells  are  being  used  to  develop  methods  for  measurement  of 
intracellular  pH  and  calcium  using  fluorescent  probes. 


A  STUDY  OF  BIOCHEMICAL  CHANGES  IN  THE  CELLULAR  ENVIRONMENT 
OF  TISSUE  OF  THE  IN  VIVO  PARTIAL-THICKNESS  RAT  BURN  WOUND 


The  progressive  increase  in  the  depth  of  irreversibly  injured 
tissue  of  the  burn  wound  during  the  first  24  to  48  h  postburn  (PB) 
has  been  attributed  to  ischemia  (1),  but  the  sequence  of  metabolic 
and  biochemical  changes  which  occur  in  vivo  in  the  burn  wound  has 
not  been  well  characterized.  However,  the  changes  that  occur  in 
other  ischemic  organs  have  been  well  documented  (2-4).  These 
include  a  rapid  depletion  of  glycogen  and  high-energy  phosphate 
compounds,  an  accumulation  of  lactate,  carbon  dioxide,  reduced 
nicotinamide  adenine  dinucleotide,  and  protons  from  other  metabolic 
processes,  and,  ultimately,  a  cessation  of  all  energy  dependent 
functions.  Since  the  changes  that  occur  are  similar  for  heart, 
brain,  liver,  kidney,  and  muscle,  it  is  possible  that  they  may  also 
occur  in  ischemic  skin,  although  they  may  differ  in  time  and  extent 
because  of  differences  in  the  relative  contributions  of  different 
pathways  for  energy  production  in  a  particular  organ.  The 
objective  of  this  study  is  to  determine  the  in  vivo  biochemical  and 
metabolic  changes  in  partial-thickness  rat  burn  wounds  during  the 
early  postburn  period  and  to  identify  those  changes  which  either 
foster  or  impede  recovery  of  cellular  function  in  such  wounds. 

In  previous  reports  (5,6),  we  described  the  changes  in  water 
content  of  wound  and  of  ATP  and  lactate  content  in  blood  and  wound 
of  rat3  with  20%  total  body  surface  area  sham  and  burn  wounds 
during  the  first  48  h  PB.  In  this  report,  we  describe  the  changes 
that  occur  in  the  later  postburn  period. 

MATERIALS  AND  METHODS 

Male  Sprague-Dawley  rats  weighing  180-200  g  were  anesthetized 
with  alpha-chloralose  (5.5  mg/100  g  IP).  The  hair  on  the  dorsum 
was  clipped  and  the  animals  were  placed  in  a  protective  mold  which 
exposed  20%  of  the  total  body  surface  area.  The  mold  was  immersed 
in  water  to  produce  partial-thickness  scald  burns  (80°C  for  10  sec) 
or  sham  burns  (37°C) .  The  margins  of  the  burn  wound  area  were 
marked  in  permanent  ink.  The  burn  wounds  were  covered  with  a  layer 
of  fine-mesh  gauze  beneath  a  layer  of  1/4-in  foam  padding  held  in 
place  by  tubular  elastic  netting  to  protect  the  wounds  from 
mechanical  trauma.  The  wound  covers  were  left  in  place  for  3-7 
days  PB. 

The  procedures  for  collection  and  analysis  of  samples  for  water 
content,  ATP,  arid  lactate  have  previously  been  described  in  detail 
(5,6).  Tissue  samples  for  histological  examination  were  taken  from 
the  center  of  the  wound,  the  margin  of  the  wound,  and  from  the 
belly  of  the  burned  animals  and  from  equivalent  areas  of 
sham-burned  animals  at  1,  3,  6,  12,  24  ,  48,  and  72  h  and  7  days  PB. 
These  were  processed  for  routine  light  microscopy,  thin  plastic 
sections,  and  for  electron  microscopy  to  provide  a  baseline  for 
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evaluation  of  effects  of  potential  treatments  which  might  be 
applied  to  the  wound. 

A  different  method  for  isolation  of  cells  from  the  wound  was 
used  in  this  part  of  the  study  in  an  effort  to  obtain  a  greater 
yield  of  viable  cells  (7) .  The  entire  wound  area  was  excised  and 
as  much  of  the  muscle  tissue  as  possible  was  removed  from  the 
underside.  The  tissue  was  cut  into  4-  to  6-mm  squares  and  weighed. 
Approximately  half  of  each  wound  was  placed  in  each  flask.  The 
tissue  in  each  flask  was  incubated  for  15  min  in  15  ml  MCDB-151 
culture  medium  (Sigma  Chemical  Company,  St.  Louis,  MO)  at  37 °C  in 
an  orbital  shaking  water  bath  at  125  rpm.  The  solution  was 
decanted  and  tissue  was  rinsed  three  times  with  a  portion  of  cold 
culture  medium.  The  tissue  was  then  incubated  for  45  min  in  a 
solution  containing  1.25  mg/ml  collagenase  CLS4  (Worthington 
Biochemical  Corporation,  Freehold,  NJ)  ,  1  mg/ml  hyaluronidase 
(Wyeth  Laboratories,  Inc.,  Philadelphia,  PA),  4  mg/ml  bovine  serum 
albumin,  and  1  mg/ml  glucose  in  Ca++  and  Mg++-free  HBSS. 
Afterwards,  the  solution  was  decanted,  the  tissue  was  rinsed  twice, 
and  the  washings  were  combined  with  the  supernate  from  the 
incubation.  Tissue  fragments  were  then  incubated  in  a  solution 
containing  12.5  mg  protease  XXV  from  Streptomyces  griseus  (Sigma 
Chemical  Company,  St.  Louis,  MO)  and  1  mg/ml  glucose  in  HBSS 
containing  Mg++  but  no  Ca++  for  1  h.  Then  two  volumes  of  fetal 
bovine  serum  was  added  to  each  flask  and  the  solution  was  rapidly 
chilled  before  being  filtered  through  nylon  filter  cloth.  The 
residue  on  the  filter  was  washed  three  times  with  cold  HBSS.  The 
supernates  and  washes  from  the  collagenase  and  protease  incubations 
for  each  individual  sample  were  combined  and  centrifuged  at  800  g 
for  2  min.  The  supernate  was  aspirated  and  discarded.  The  cells 
were  resuspended  in  MCDE-151  culture  medium  containing  1  pg/ml 
deoxyribonuclease  (DNase),  allowed  to  stand  10  min  in  an  ice  bath, 
vortexed,  and  centrifuged  as  before.  This  was  repeated  twice 
before  a  final  wash  without  DNase  in  the  solution.  A  portion  of 
the  cell  suspension  was  mixed  with  four  parts  of  trypan  blue  dye 
and  the  numbers  of  viable  and  nonviable  (trypan  blue-permeable) 
cells  were  counted  on  a  hemocytometer .  Slides  from  the  cell 
suspensions  were  prepared  and  stained  with  H&E  or  Giemsa  stain.  If 
analysis  of  the  cells  was  delayed,  0.1  vol  fetal  bovine  serum  was 
added  to  the  culture  medium  in  which  they  were  stored. 

Methods  for  measuring  intracellular  pH  using  fluorescent  probes 
are  currently  being  tested.  BCECF  (Molecular  Probes,  Inc.,  Eugene, 
OR)  was  loaded  into  cells  as  the  membrane  permeant  acetoxymethyl 
ester  (BCECF-AM)  .  Intracellular  esterases  hydrolyze  the 
acetoxymethyl  esters  to  release  BCECF-free  acid  which  is  retained 
by  the  cells.  The  extracellular  probe  was  removed  by  washing  and 
2  ml  of  the  cell  suspension  (20-30  X  106  cells/ml)  was  placed  in  a 
10  mm2  cuvette  for  analysis  using  a  Model  LS-50  luminescence 
spectrometer  (Perkin  Elmer,  Norwalk,  CT) .  A  change  in  pH  results 
in  a  shift  in  the  maximum  excitation  wavelength  and  the  ratio  of 
the  fluorescent  intensities  (440/490  nm)  was  used  to  calculate  the 
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intracellular  pH  by  relating  the  ratio  to  ratios  obtained  using 
standard  solutions. 

Intracellular  Ca++  can  be  determined  by  loading  cells  with  the 
fluorescent  probe  Fura-2AM  and  measuring  the  excitation  ratio 
(340/380)  of  the  fluorescence  intensities  of  the  sample.  A 
calibration  run  in  which  the  ratio  is  determined  when  the  probe  was 
fully  saturated  with  metabolite  (Rmax  value)  and  the  ratio  in  which 
the  probe  was  present  in  unbound  form  only  (Rmin  value)  was  used  to 
calculate  the  Ca++  content  of  the  test  sample  using  the  method 
described  by  Grynkiewicz  et  al  (6) . 

RESULTS 

We  previously  reported  that  the  water  content  of  the  20%  total 
body  surface  area  partial-thickness  rat  burn  wound  increased  to  a 
maximum  of  7.8  ml  more  than  the  content  of  the  equivalent  sham 
wound  at  18  h  PB,  then  began  to  decrease  slowly.  We  have  now 
measured  the  water  content  of  burn  wound  in  the  later  PB  period  and 
found  that  the  wound  still  contained  0.7  ml  excess  water  at  7  days 
PB  and  0.5  ml  excess  at  14  days  PB. 

The  ATP  content  of  blood  and  the  lactate  content  of  blood  and 
wound  of  sham  and  burned  rats  were  not  significantly  different  at 
3  and  7  days  PB.  The  ATP  content  of  burn  wound  increased  from  its 
lowest  value  of  19%  of  sham  at  24  h  PB  to  37%  and  59%  of  sham  at  3 
and  7  days  PB,  respectively. 

At  1  h  PB,  the  vessels  in  the  upper  dermis  were  slightly 
dilated  and  filled  with  erythrocytes.  The  vessels  in  the  lower 
dermis  were  dilated  but  the  erythrocytes  were  not  clumped.  At  6  h 
PB,  the  vessels  in  the  upper  dermis  were  dilated  and  contained 
clumped  erythrocytes  while  the  vessels  in  the  lower  dermis  were 
open.  By  6  h  PB,  there  was  separation  at  the  dermal  epidermal 
junction  in  multifocal  areas  and  there  was  visible  edema.  At  12  h 
PB,  the  vessels  in  the  upper  and  lower  dermis  were  dilated  and 
contained  erythrocytes  that  appeared  to  be  clumped.  At  24  h  PB, 
the  epidermis  was  completely  necrotic  and  the  hair  follicles  had 
necrosis  of  the  epithelium  in  some  places,  but  surviving  epithelium 
in  other  places.  The  vessels  in  the  upper  dermis  still  were 
dilated  and  contained  what  appeared  to  be  clumped  erythrocytes  but 
those  of  the  lower  dermis,  although  al30  dilated,  contained 
erythrocytes  that  did  not  appear  to  be  clumped.  Some  new  blood 
vessel  formation  was  evident  in  the  subcutaneous  tissues  at  48  h 
PB.  Sebaceous  glands  showed  multifocal  loss  of  structure  and 
disruption  of  architecture.  Hair  follicles  had  some  areas  with 
viable  epithelium,  particularly  adjacent  to  the  hair  bulb.  There 
were  occasional  mitotic  figures.  At  7  days  PB,  the  necrotic 
epithelium  was  raised  above  the  surface  of  the  wound  and  a  viable 
epidermal  layer  composed  of  squamous  epithelial  cells  was  present 
underneath.  The  epithelium  connected  with  viable  hair  follicles. 
In  the  lower  dermis,  there  were  multifocal  mineralized  hair 
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follicles.  We  have  other  samples  taken  as  late  as  28  days  PB  in 
which  the  surface  appears  to  have  been  completely  covered  with  new 
epidermis . 

Tissues  for  thin  plastic  sections  and  for  electron  microscopy 
have  not  yet  been  processed. 

DISCUSSION 

The  fact  that  a  viable  epidermal  layer  is  present  at  7  days  PB 
may  account  for  the  increase  in  the  ATP  content  of  the  burn  wound 
since  the  rate  of  ATP  synthesis  is  greatest  in  the  epidermis. 

We  are  currently  trying  to  develop  methods  that  will  be 
suitable  for  measuring  intracellular  Ca++  and  pH  in  cells  from 
sham  and  burn  wounds.  The  method  for  isolation  of  the  cells 
reported  here  is  an  improvement  over  the  previous  method.  There 
are  apparently  unique  conditions  that  must  be  met  for  each  cell 
type  to  obtain  valid  measurements.  We  are  testing  several  buffers 
and  substrates  to  find  the  ones  most  suitable  for  analyzing  cells 
isolated  from  wound  tissue. 
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Decreases  in  IL2  production,  activity,  and  receptor  (IL2R) 
expression  have  been  described  following  injury.  Previous 
investigators  have  reported  increased  survival  following 
pretreatment  with  recombinant  IL2  in  secondary  infection,  thermal 
injury  models.  Attempts  to  improve  survival  in  a  rat  invasive  burn 
wound  infection  model  have  been  unsuccessful.  Not  only  is  IL2 
production  decreased  following  injury,  but  the  presentation  of  IL2R 
is  also  altered.  PGE2  production  from  macrophages  is  increased 
following  thermal  injury  and  these  elevated  levels  have  been  shown 
to  decrease  IL2  production  and  possibly  decrease  IL2R  expression  on 
T  cells.  The  current  studies  were  designed  to  investigate  the  role 
of  PGE2  on  T— cell  subpopulations  and  IL2R  expression  following 
thermal  injury.  Preliminary  data  indicated  that  exogenous 
administration  of  a  long-acting  form  of  PGE  had  no  significant 
effect  on  splenic  T-cell  subpopulation  numbers  as  measured  by  flow 
cytometry.  The  administration  of  indomethacin  in  an  attempt  to 
decrease  PGE2  production  following  thermal  injury  also  had  no 
significant  effect  on  splenic  T-cell  subpopulations.  Additionally, 
indomethacin  administration  had  no  effect  on  peripheral  blood 
T-cell  subpopulations. 
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THE  EFFECT  OF  INTERLEUKIN  2  (IL2)  ADMINISTRATION  ON  MORTALITY 
TO  RATS  WITH  PSEUDOMONAS  BURN  WOUND  SEPSIS 


Following  a  severe  thermal  injury,  alterations  in  the  host 
immune  system  develop,  which  lead  to  depression  of  the  immune 
response  (1—3)  .  Defects  in  cellular  and  humoral  systems  have  been 
reported.  These  defects  are  manifested  by  increased  susceptibility 
to  sepsis,  impaired  delayed  hypersensitivity  reaction,  and 
prolongation  of  allograft  rejection. 

As  the  mechanisms  for  T-cell  interactions  become  clearer,  it  is 
apparent  that  IL2  (T  cell  growth  factor)  (4)  is  produced  by  T 
helper  cells.  The  stimulus  for  this  IL2  production  comes  from 
circulating  IL-1,  which  is  itself  released  from  macrophages  when 
they  are  exposed  to  foreign  antigens  (5) .  The  IL2  then  binds  to 
specific  IL2  receptors  (XL2R)  to  promote  the  proliferation  of  T 
lymphocytes,  regardless  of  their  antigenic  specificity  (6).  The 
number  of  IL2R,  the  amount  of  IL2  circulating,  and  the  length  of 
contact  between  the  two  all  seem  to  be  important  in  the  magnitude 
of  the  T-cell  response. 

Levels  of  interleukin  1  produced  in  man  in  response  to  thermal 
injury  have  been  measured  and  found  to  be  increased  immediately 
postburn  and  then  subsequently  return  to  normal.  IL2  production 
has  been  shown  to  be  significantly  reduced  postburn  and  returns  to 
normal  only  in  those  patients  who  eventually  survive  (5)  .  IL2R  are 
also  decreased  on  T  cells  following  thermal  injury  (7) .  This  has 
been  related  to  the  ability  of  IL2  to  modulate  the  expression  of 
its  own  receptors. 

Previous  investigators  have  reported  increased  survival 
following  pretreatment  with  recombinant  IL2  in  secondary  infection, 
thermal  injury  models.  Gough  et  al  (8)  treated  mice  with 
recomoinant  IL2  for  7  days  following  thermal  injury.  On  postburn 
day  10,  cecal  ligation  and  puncture  were  performed.  Animals 
receiving  only  saline  showed  100%  mortality  by  postburn  day  14, 
while  those  receiving  IL2  had  a  55%  mortality.  The  splenocytes 
harvested  from  IL2-treated  mice  showed  improved  responses  to  T-cell 
mitogens  in  vitro  when  compared  to  saline  controls.  In  contrast  to 
these  findings,  we  have  previously  failed  to  show  any  benefit  of 
exogenous  IL2  administration  in  a  rat  model  of  invasive  burn  wound 
sepsis  (9)  .  The  failure  of  exogenous  IL2  to  increase  survival  in 
this  model  may  result  from  the  fact  that  exogenous  IL2 
administration  may  only  increase  low  affinity  interleukin  receptors 
which  do  not  result  in  an  increased  T  cell  response  to  antigenic 
stimulation  (10) .  Thus,  a  functional  defect  is  maintained  in  the 
milieu  of  increased  IL2  levels.  Hancock  et  al  (11)  have  shown  that 
macrophages  fail  to  express  IL2R  in  response  to  gamma  interferon 
when  PGE2  is  added  in  vitro.  LaLa  et  al  (12)  have  suggested  that 
?GE  can  down-regulate  IL2R  expression  on  activated  T  cells. 
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The  suggestion  that  PGE  may  modulate  IL2R  expression  in  vitro 
and  the  fact  that  PGE2  levels  are  elevated  following  injury  led  us 
to  investigate  the  role  of  PGE  on  splenic  and  peripheral  blood 
T-cell  subpopulations  and  IL2R  expression  following  thermal  injury. 

MATERIALS  AND  METHODS 

Male  Sprague-Dawley  rats  weighing  approximately  200  g  were  used 
throughout  the  study.  All  rats  received  a  20%  total  body  surface 
full-thickness  scald  or  sham  burn  (13)  .  Appropriate  groups  were 
administered  either  indomethacin  (5  mg/kg  IP)  or  a  long-acting  PGE 
analogue  (100  jig/kg  IP),  16,16-dimethyl-prostaglandin  E  (dPGE)  ,  for 
7  days  following  injury.  At  the  end  of  the  7  days,  the  animals 
were  anesthetized  with  sodium  pentobarbital  (60  mg/kg  IP)  and 
sacrificed  by  exsanguination .  Peripheral  blood  mononuclear  cells 
and  splenocytes  were  then  harvested  and  analyzed  for  T  cell  numbers 
and  subpopulations  as  well  as  IL2R  density  following  culture  and 
stimulation  as  previously  described  (14). 

RESULTS 

Phase  I.  Four  groups  of  animals  were  used  for  this  phase  of 
the  study.  Two  groups  received  scald  burns  and  two  groups  received 
sham  burns.  One  group  from  the  scald  burn  group  and  one  group  from 
the  sham  burn  group  received  dPGE  and  the  remaining  animals 
received  saline.  On  postburn  day  7,  splenocytes  were  harvested  and 
analyzed  by  flow  cytometry  for  T-cell  subpopu) ations  (see  Table  1)  . 


TABLE  1.  Percentage  of  Splenic  Suppressor,  Pan,  and  Helper  T  Cells 
in  Burned  Rats  Treated  with  dPGE  or  Saline  (Mean  ±  SD) 


Group _ nf _ Suppressor _ Pan _ Helper 

Sham/Saline  7  19.6  ±  1.1  63.1  ±  3.8  39.5  ±  3.9 
Burn/Saline  5  19.9  ±  4.0  56.1  ±  4.2  38.5  ±  6.3 
Sham/dP  GE  7  20.6  ±  3.0  55.7±4.2  35.2±3.3 
Burn/dPGE  6  21.6  ±  2.9  61.6  ±  8.4  37.5  ±  4.9 


Phase  II.  For  this  phase,  two  groups  of  animals  received  scald 
burns.  Following  burn  injury,  one  group  was  administered 
indomethacin  for  7  days  and  the  other  group  was  administered 
saline.  On  postburn  day  7,  the  animals  were  sacrificed,  the 
spleens  were  removed,  and  splenocytes  were  harvested  and  counted 
for  T-cell  subpopulations  by  flow  cytometry  (Table  2).  Because  a 
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TABLE  2.  Percentage  of  Splenic  Suppressor,  Pan,  and  Helper  T  Cells 
in  Burned  Rats  Treated  with  Indomethacin  or  Saline  (Mean 
±  SD) 


Group 

n= 

Suppressor 

Pan 

Helper 

Burn/ saline 

8 

24.7  ±  2.4 

55.0  ±  3.4 

38.3  ±  2.6 

Burn/ indomethacin 

6 

26.7  ±  2.9 

64.4  ±  3.7 

43.0  ±  3.0 

slight  increase  in  helper  cell  numbers  and  total  T  cells  were  seen 
following  indomethacin  administration,  the  study  was  repeated  (see 
Table  3) . 


TABLE  3.  Percentage  of  Splenic  Suppressor,  Pan,  and  Helper  T  Cells 
in  Burned  Rats  Treated  with  Indomethacin  or  Saline  (Mean 
±  SD) 


Group 

n= 

Suppressor 

Pan 

Helper 

Burn/saline 

8 

66.1  ±  3.1 

42.5  ±  4.5 

Burn/ indomethacin 

8 

58.3  ±  3.7 

40.9  ±  1.5 

Phase  III.  For  this  phase,  two  groups  of  animals  received 
scald  burns.  Following  burn  injury,  one  group  received 
indomethacin  and  the  other  group  received  saline.  On  postburn  day 
'/ ,  the  animals  were  sacrificed,  peripheral  blood  mononuclear  cells 
were  harvested,  T-cell  subpopulations  were  analyzed  by  flow 
cytometry.  The  study  was  repeated  twice.  No  effect  of 
indomethacin  on  T— cell  subpopulations  in  peripheral  blood  could  be 
identified  (Tables  4  and  5) . 

Phase  IV.  Failing  to  show  any  significant  effect  of 
indomethacin  or  PGE  on  splenic  T-cell  subpopulations  following 
thermal  injury,  we  next  sought  to  identify  whether  these  drugs 
would  alter  1L2R  expression  on  either  splenic  T  cells  or  peripheral 
blood  T  cells  following  24  h  of  culture  and  stimulation. 
Preliminary  studies  were  carried  out  to  determine  the  optimal 
antibody  and  ConA  concentration  for  maximal  IL2R  expression  on 
splenic  T  cells  from  normal  rats  (Table  6) . 

DISCUSSION 

The  optimal  dose  which  could  be  tolerated  by  the  septic  animal 
was  identified.  In  LD100  and  LDc,r,  models,  IL  2  administration 
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TABLE  4.  Percentage  of  Peripheral  Blood  Suppressor,  Pan,  and 
Helper  T  Cells  in  Burned  Rats  Treated  with  Indomethacin 
or  Saline  (Mean  ±  SD) 


Group 

n= 

Suppressor 

Pan 

Helper 

Burn/Saline 

5 

22.4  ±  1.8 

87.6  ±  3.4 

60.6  ±  5.1 

Burn /Indomethacin 

5 

27.4  ±  4.8 

83.3  ±  4.7 

55.8  ±  3.5 

TABLE  5.  Percentage  of 
Helper  T  Cells 
or  Saline  (Mean 

Peripheral  Blood  Suppressor,  Pan,  and 
in  Burned  Rats  Treated  with  Indomethacin 
±  SD) 

Group 

n= 

Suppressor 

Pan 

Helper 

Burn/Saline 

5 

22.4  ±  1.8 

87.6  +  3.4 

60.6  ±  5.1 

Burn/ Indomethacin 

5 

27.4  ±.4.8 

83.3  ±  4.7 

55.8  ±  3.5 

TABLE  6.  IL2R  Antibody  Concentration  (|il/ml)  vs  ConA  Concentration 
(pg/ml)  for  Maximal  IL2R  Expression  in  Normal  Rats 


ConA 

5.0 

2 . 5 

1  .25 

0.625 

0.313 

0 

1 .  1 

9.9 

7.9 

7.0 

6.7 

2 . 5 

13.4 

31.0 

30.3 

28.7 

22.5 

5 

13.1 

43 . 1 

39.0 

33.9 

33.7 

10 

14 . 5 

53 . 5 

47.0 

48 . 1 

44 . 8 

concomitant  with  burning  and  seeding  of  the  burn  wound  with 
Pseudomonas  failed  to  improve  survival.  To  increase  IL2R 
expression,  both  high  doses  (5  mg/kg)  and  low  doses  (0.5  mg/kg)  of 
indomethacin  were  administered  with  the  IL2.  This  failed  to 
improve  survival  in  the  LD1C0  model.  An  addendum  for  measuring  IL2 
receptor  expression  in  rodent  splenocytes  and  peripheral  blood 
mononuclear  cells  was  developed  and  approved.  Indomethacin,  PGE2 , 
and  gamma  interferon  failed  to  improve  IL2  receptor  expression. 
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Severe  inhalation  injury  has  been  shown  to  cause  hypoxia, 
hypercarbia,  and  a  shift  of  VA/Q  to  the  left,  i.e.,  increase  in 
segments  with  VA/Q  >  0  but  <.l.  Attempts  to  alter  these 
derangements  with  conventional  ventilation  utilizing  PEEP  resulted 
in  an  increased  dead  space  ventilation  but  had  no  significant 
effect  on  shunt  or  low  VA/Q  compartments.  This  study  was  designed 
to  investigate  the  effects  of  high-frequency  percussive  ventilation 
on  these  changes. 

Data  indicate  that  high-frequency  oscillatory  ventilation 
employing  a  percussive  ventilator  was  inadequate  for  support  of 
sheep  with  inhalation  injury  24  h  following  injury.  Prior  to 
continuing  this  project,  benchwork  utilizing  the  high-frequency 
oscillatory  ventilator  in  an  attempt  to  increase  volume  output  will 
be  necessary. 
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THE  EFFECT  OF  HIGH-FREQUENCY  VENTILATION  ON  VA/Q 
IN  SHEEP  WITH  INHALATION  INJURY 


The  effect  of  inhalation  injury  on  VA/Q  utilizing  the  multiple 
inert  gas  elimination  technique  (MIGET)  and  cardiopulmonary 
parameters  has  been  well  described  in  an  ovine  model  (1)  .  Moderate 
to  severe  injury  causes  hypoxia,  hypercarbia,  and  a  shift  of  VA/Q 
to  the  left,  i.e.,  increase  in  segments  with  VA/Q  >  0  but  <1.  In 
addition,  smoke-exposed  animals  show  increased  perfusion  to  shunt 
and  low  VA/Q  segments.  Attempts  to  alter  these  derangements  with 
conventional  ventilation  utilizing  PEEP  resulted  in  an  increased 
dead  space  ventilation  but  had  no  significant  effect  on  shunt  or 
low  Va/Q  compartments  (unpublished  data) . 

High-frequency  ventilation  (HFV)  has  been  proposed  as  a  means 
of  increasing  ventilation  to  low  VA/Q  compartments.  In  a  dog  model 
using  methacholine  hydrochloride  to  induce  low  VA/Q  compartments, 
Kaiser  et  al  (2)  was  unable  to  demonstrate  a  beneficial  effect  of 
high-frequency  oscillation  ventilation.  This  type  of  ventilator  is 
relatively  inefficient  in  terms  of  gas  exchange  and  does  not  allow 
adequate  ventilation  of  adult  humans.  Because  of  this  difficulty 
and  the  inability  of  jet  ventilators  to  adequately  clear  carbon 
dioxide,  a  hybrid  type  of  ventilator  has  been  developed  that 
effects  what  is  termed  "volumetric-diffusive  ventilation."  This 
type  of  ventilator  superimposes  high-frequency  subtidal  volume 
breaths  on  conventional  convective  breaths.  In  addition,  PEEP  is 
employed  in  an  oscillatory  nature.  This  ventilator  is  actually  a 
flow  interrupter  and  there  is  no  active  expiratory  phase  as  seen  in 
oscillation  ventilation.  Limited  clinical  use  of  this  ventilator 
has  demonstrated  no  adverse  effects  on  cardiac  parameters  (3) .  In 
addition,  salvage  studies  performed  on  patients  with  ARDS  have 
suggested  that  previously  unsalvageable  patients  have  had  reversal 
of  their  pulmonary  process.  The  effect  of  this  type  of  ventilation 
on  disease  processes  which  result  in  an  increase  in  the  number  of 
low  Va/Q  compartments  is  unknown. 

The  purpose  of  this  study  is  to  compare  volumetric  diffusive 
ventilation  with  conventional  ventilation  in  effecting  changes  in 
the  pulmonary  and  hemodynamic  parameters  which  are  altered  in  an 
ovine  inhalation  injury  model.  If  volumetric-diffusive  ventilation 
can  favorably  affect  VA/Q  on  inhalation  injury,  its  application  to 
humans  with  inhalation  injury  would  be  advantageous. 

MATERIALS  AND  METHODS 

Neutered  male  sheep  weighing  25-45  kg  were  utilized.  Each 
sheep  was  housed  in  a  conventional  outdoor  run  and  had  access  to 
commercial  feed  and  water  ad  libitum.  Inhalation  injury  is  induced 
using  the  standard  ovine  smoke  inhalation  model  developed  at  this 
Institute  ( 1 )  . 
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Animals  are  studied  24  h  following  smoke  inhalation.  On  the 
day  of  the  study,  a  peripheral  venous  catheter,  a  central  venous 
pressure  (CVP)  catheter,  a  balloon-directed  thermodilution 
pulmonary  artery  catheter  (7F,  American  Edwards  Company,  Irvine, 
CA)  ,  a  lung  water  catheter  (American  Edwards  Company) ,  a  femoral 
artery  catheter,  and  an  esophageal  balloon  were  inserted  following 
induction  of  general  anesthesia  with  alpha-chloralose  (0.05  g/kg) 
and  intubation.  Animals  were  paralyzed  with  pancuronium  bromide 
(0.03-0.04  mg/kg,  Pavulon®,  Organon  Pharmaceuticals,  West  Orange, 
NJ)  .  After  placement  of  all  catheters,  animals  were  placed  in  the 
prone  position  and  conventional  mechanical  ventilation  was 
continued  with  a  volume-limited  ventilator  (Bear  II™,  Bear  Medical 
Systems,  Inc.,  Riverside,  CA)  .  Ventilator  settings  were  altered  to 
maintain  a  pH  between  7.35  and  7.40  and  a  P02  between  80  and  100 
mmHg.  Lactated  Ringer's  was  constantly  infused  at  a  rate  of  1 
ml/kg/h.  CVP  and  pulmonary  artery  pressure  (PAP)  were  monitored 
with  Statham  P23Db  transducers  (Statham  Instruments,  Oxnard,  CA) 
and  systemic  artery  pressures  with  a  Hewlett-Packard  1290A  quartz 
transducer  (Hewlett-Packard  Company,  Waltham,  MA)  .  Transpulmonary 
pressure  was  monitored  by  a  differential  transducer  (MP-451, 
Valadine  Engineering  Corporation,  Northridge,  CA) .  Inspiratory  and 
expiratory  gas  concentration  (N,  02,  and  C02)  were  monitored  by  a 
medical  gas  analyzer  (MGA-1100,  Perkin  Elmer) .  Percutaneous  02 
saturation  and  P02  were  continuously  monitored. 

Heart  rate,  blood  pressure,  CVP,  PAP,  cardiac  output,  arterial 
blood  gases,  tidal  volume,  flow  rates,  transpulmonary  pressures, 
and  02  saturation  were  measured  every  30  min.  Once  the  ventilator 
settings  were  maximized  yielding  a  P02  between  80  and  100  mmHg  and 
a  pH  between  7.35  and  7.40,  the  animal  was  allowed  to  stabilize  for 
2  h.  \/A/Q  distributions  were  then  measured  utilizing  the  MIGET. 
After  stabilization,  the  lactated  Ringer's  infusion  was  replaced 
with  a  lactated  Ringer's  solution  containing  6  inert  gases  (sulphur 
hexafluoride,  krypton,  cyclopropane,  halothane,  ether,  and  acetone) 
which  were  infused  at  a  rate  of  0.1  ml/kg/min.  After  30  min, 
arterial  and  mixed  venous  blood  were  drawn  anaerobically  into 
preweighed  heparinized  syringes  (30  ml,  matched,  glass) 
simultaneously.  Mixed-expired  gas  was  obtained  from  a 
temperature-controlled  copper  coil  (OD  =  3.49  cm,  L  =  640  cm)  1  min 
after  obtaining  the  blood  samples.  Blood  and  expired  gas  samples 
were  analyzed  immediately  by  GC-MS  (Model  5985,  Hewlett-Packard) . 
Repeat  cardiopulmonary  parameters  were  measured  at  this  time. 
MIGET  data  was  stored  and  quantified  by  a  software  program  on  the 
Hewlett-Packard  1000  computer  system. 

The  animals  were  then  disconnected  from  the  conventional 
ventilator  and  switched  to  a  high-frequency  oscillatory 
ventilation.  Cardiopulmonary  parameters  were  then  measured  every 
30  min  following  stabilization  on  the  ventilator.  The  lactated 
Ringer' s  infusion  containing  the  inert  gases  was  discontinued  and 
lactated  Ringer's  (1  cc/kg/h)  was  infused.  After  a  2-h 
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stabilization  period,  VA/Q  distribution  was  again  measured 
utilizing  the  MIGET .  The  animals  were  then  sacrificed. 

Necropsies  were  performed  to  document  the  extent  of  inhalation 
injury.  A  complete  set  of  tissues  was  fixed  in  10%  neutral 
buffered  formalin  and  processed  by  standard  methods.  The  locations 
of  tissue  sample  collection  sites  were  midtrachea,  tracheal 
bifurcation,  right  and  left  proximal  and  distal  bronchi,  apical  and 
diaphragmatic  lobes,  and  any  other  morphologically  significant 
foci  . 

Data  following  the  stabilization  period  were  compared  utilizing 
the  student's  t.  test. 

RESULTS 

Data  indicate  that  high-frequency  oscillatory  ventilation 
employing  a  percussive  ventilator  was  inadequate  for  support  of 
sheep  with  inhalation  injury  24  h  following  injury. 

DISCUSSION 

Prior  tc  continuing  this  project,  benchwork  utilizing  the 
high-frequency  oscillatory  ventilator  in  an  attempt  to  increase 
volume  output  will  be  necessary. 
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Analyses  of  the  data  by  the  previous  investigator  indicated 
that  pure  plasma  volume  loss  can  be  replaced  with  either  plasma  or 
crystalloid  solutions.  The  volume  of  crystalloid  fluid  required  to 
achieve  replacement  was  greater  than  the  volume  of  colloid.  These 
changes  will  now  be  validated  in  a  50%  burn  model. 
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EFFECTS  OF  REPLACEMENT  THERAPY  ON  HEMODYNAMIC  PARAMETERS 
IN  AN  OVINE  MODEL  OF  CONTROLLED  PURE  PLASMA  LOSS 


Many  models  have  been  employed  to  explore  the  physiologic  and 
pathophysiologic  sequelae  of  shock,  but  most  have  dealt  with  loss 
of  formed  blood  elements  along  with  plasma  loss.  The  question 
which  remains  to  be  answered  is  to  what  extent  the  hemodynamic 
response  in  the  shock  model  relates  to  the  loss  of  plasma  per  se 
without  RBC  loss.  A  controlled  plasma  loss  designed  to  simulate 
the  rate  of  intravascular  plasma  loss  in  the  acute  burn  period  has 
been  developed  by  the  interposition  of  a  plasmapheresis  filter 
between  the  arterial  and  venous  circulation  of  experimental 
animals.  This  design  will  allow  the  simulation  of  plasma  loss  of 
the  acute  burn  which  accounts  for  hemodynamic  instability  (1-2) . 
In  previous  work  (unpublished  data) ,  this  model  has  shown  efficacy 
as  a  pure  plasma  loss  shock  model,  albeit  an  accelerated 
representation  of  the  burn  state.  With  the  control  of  plasma  flux 
to  more  closely  represent  burn  shock  in  a  temporal  sense, 
hemodynamic  changes  can  be  better  defined.  Subsequent  fluid 
replacement  therapy  can  then  be  effected  to  form  the  scientific 
basis  for  postburn  resuscitation  in  humans. 

MATERIALS  AND  METHODS 

The  effects  of  intravascular  loss  of  plasma  on  cardiovascular 
performance  will  be  investigated  in  20  one-  to  two-year-old,  random 
source,  nonpregnant  female  sheep  weighing  24-40  kg.  During  the 
first  stage  of  the  study,  the  animals  are  prepared  under  general 
anesthesia  by  cannulation  of  the  right  femoral  artery  for  blood 
sampling,  the  right  jugular  vein  for  hemodynamic  monitoring,  and 
the  left  jugular  vein  and  left  carotid  artery  for  ultrafiltration. 
Aortic,  central  venous,  pulmonary  artery,  left  atrial,  and 
pulmonary  capillary  wedge  pressures  are  recorded  (Model  7754A, 
Hewlett-Packard,  Waltham  MA)  using  calibrated  pressure  transducers 
(Model  1290A,  Hewlett-Packard) .  Arterial  blood  gas  and  cardiac 
output  by  the  thermodilution  method  (Model  9520,  American  Edwards 
Laboratory)  are  also  determined.  A  Foley  catheter  is  introduced 
for  urine  output  monitoring.  The  animals  are  placed  in  metabolic 
cages  for  2  days  and  fed  ad  libitum  while  recovering  from  the 
initial  procedure.  During  the  second  stage  of  the  study,  the 
animals  are  heparinized  and  plasmapheresis  is  initiated  using  an 
Asahi™  plasma  separator  (Parker  Hannifin  Corporation,  Irvine,  CA) 
after  baseline  measurements  of  cardiovascular  and  respiratory 
indexes  and  sampling  cf  blood  for  electrolyte,  blood  gas,  and 
coagulation  determinations.  This  system  has  a  cellulose  acetate 
hollow  fiber  core  which  allows  for  passage  of  plasma,  but  not 
cellular  elements.  The  unanesthetized  animals  are  subjected  to  a 
selective  plasma  extraction  (fig  1)  at  a  plasma  flux,  designed  to 
simulate  the  rate  of  loss  in  the  acute  burn  period  as  described  by 
Pruitt  et  al  (3) . 
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FILTER 


BLOOD  INLET 


ANIMAL 


BLOOD  OUTLET 


FIGURE  1.  Graphic  representation  of  the  filtration  circuit. 


RESULTS 

Eight  animals  have  been  studied  to  date  and  the  model  has  been 
established  in  a  reliable  fashion,  with  the  need  for  prior 
splenectomy  recognized.  Animals  subjected  to  pure  plasma  loss  have 
been  resuscitated  with  several  resuscitation  schema,  including 
crystalloid  and  colloid  fluids. 

DISCUSSION 

Data  from  8  animals  have  been  analyzed.  A  50%  total  body 
surface  area  burn  has  been  chosen  as  the  initial  model  for  study. 
Plasma  loss  will  be  adjusted  on  an  hourly  basis  to  meet  these 
losses.  Ongoing  measurements  of  hemodynamic  parameters  will  be 
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conducted,  to  include  systolic  blood  pressure,  left  atrial 
pressure,  pulmonary  capillary  wedge  pressure,  cardiac  output, 
hematocrit,  serum  chemistries  (electrolytes,  blood  urea  nitrogen, 
creatinine,  glucose),  serum  osmolality,  and  urine  output.  After  2 
h  of  plasma  loss,  fluid  resuscitation  will  begin  utilizing  several 
of  the  most  popular  burn  resuscitation  formulae.  One  group  will  be 
resuscitated  via  the  modified  Brooke  formula,  another  using  the 
Parkland  formula,  and  another  using  hypertonic  saline.  Initial 
plasma  volume  will  be  measured  utilizing  Evans'  blue  prior  to 
institution  of  plasma  loss.  All  animals  will  be  fully  heparinized 
prior  to  institution  of  plasmapheresis.  An  addendum  is  being 
written  which  will  validate  the  model  by  comparing  the  hemodynamic 
changes  seen  in  a  50%  burn  model  with  those  seen  in  the  pure  plasma 
volume  loss  model. 
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Preliminary  results  suggest  that  silver-nylon  dressings  with 
direct  current  may  have  utility  in  reducing  wound  edema-related 
alterations  in  microcirculation  during  the  early  postburn  period. 
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ANTIBACTERIAL  AND  HOUND  HEALING  EFFECTS 
OF  SILVER-NYLON  ELECTRODES  WITH  WEAK  DIRECT  CURRENT 


The  loss  of  physical  and  immunological  barriers  of  the  skin 
following  thermal  injury  is  an  obvious  example  of  trauma-related 
immunosuppression.  The  correction  of  these  defects  by  autografting 
skin  from  the  patient's  unburned  areas  was  a  major  advance  in  burn 
care.  With  major  burns,  however,  the  burned  area  is  commonly 
greater  than  the  unburned  surface  and  closing  of  the  wounds  with 
autograft  becomes  a  staged  series  of  operations,  where  graft  donor 
sites  after  healing  are  repeatedly  harvested.  This  process  may 
take  several  months  and  the  susceptibility  of  the  open  wounds  to 
infection  is  a  major  liability.  Numerous  temporary  wound  coverings 
have  been  proposed.  These  include  allograft  skin,  cutaneous 
xenografts,  and  several  varieties  cf  synthetic  wound  dressings.  As 
an  adjunct  in  burn  wound  care,  the  value  of  topical  application  of 
antimicrobial  agents  such  as  mafenide  acetate,  0.5%  silver  nitrate 
solution,  and  silver  sulfadiazine  to  wounds  has  been  clinically 
well  established.  The  value  of  the  0.5%  silver  nitrate  solution 
and  silver  sulfadiazine  in  the  treatment  of  infected  wounds  is  very 
limited.  The  reason  for  such  failure  appears  to  be  the  limited 
tissue  penetration  of  silver,  the  principal  antimicrobial  activity 
of  these  agents . 

We  have  developed  a  silver-nylon  dressing  that  can  be  used  as 
*a  topical  antimicrobial  barrier  against  wound  contamination  (1). 
In  addition,  the  silver-nylon  dressing  may  be  used  as  a  source  of 
silver  ions  when  anodal  direct  current  (DC)  is  applied.  The  silver 
ions  when  generated  from  the  anodal  dressing  ionophorese  into  the 
wound  in  a  current-dependent  manner.  Such  electric  dressings  have 
been  found  to  be  experimentally  effective,  even  for  deeply  infected 
burn  wounds  (2) .  As  an  adjunctive  observation  in  such  studies,  we 
observed  that  animals  that  survived  wound  infections  because  of  the 
antimicrobial  action  of  the  silver  ions  also  had  distinctly 
accelerated  wound  healing  and  reduced  scarring. 

Investigations  into  the  mechanisms  of  DC-mediated  wound  healing 
have  shown  that  DC  treatment  significantly  shortens  the 
postwounding  time  to  tne  return  of  microcirculation.  This  finding 
has  been  verified  in  grafts,  burns,  and  donor  site  wounds  (3) . 
During  the  past  year,  we  have  examined  the  possible  effects  of  DC 
treatment  on  edema  in  full-thickness  burns. 

MATERIALS  AND  METHODS 

Animals.  Male  Sprague-Dawley  rats  were  observed  for  a  minimum 
of  one  week  prior  to  entry  into  the  study  to  exclude  the 
possibility  of  any  preexisting  diseases.  All  animals  were 
individually  housed  in  plastic  cages  inside  the  animal  intensive 
care  unit.  Temperature  was  maintained  between  78°F  and  82°F  and 
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humidity  was  approximately  50%.  All  animals  were  fed  food  and 
water  ad  libitum  throughout  the  study  period. 

Burn  Wound  Model.  Animals  were  anesthetized  with  sodium 
pentobarbital  (35  mg/kg  IP)  .  The  dorsal  hair  was  clipped  and  a 
depilatory  cream  (Nair™)  was  applied  for  15  min.  Eul 1-thickness 
scald  wounds  were  inflicted  by  a  10-sec  exposure  of  the  depilated 
areas  to  100°C  water  using  a  Walker-Mason  burn  template  with  a 
window  for  a  20%  total  body  surface  area.  Following  injury, 
animals  had  dorsal  and  ventral  silver-nylon  dressings  and 
electrodes  applied  as  previously  described  (1) .  DC  was  applied 
either  as  immediately  after  burning  and  maintained  until  time  of 
sacrifice  or  after  a  postburn  delay  and  then  constantly  until  time 
of  sacrifice  (see  RESULTS) .  Control  groups  included  unburned 
animals  and  animals  burned  and  covered  with  silver-nvlon  without 
current . 

Edema  was  measured  as  the  difference  in  dry-to-wet  weights  of 
excised  burn  wounds  after  drying  for  4  days  at  70°C.  Excised 
tissue  included  the  panniculus  muscle. 

RESULTS 

As  shown  in  Figure  1,  application  immediately  postburn  of  40  pA 
DC  significantly  reduced  edema  at  all  time  points  measured.  As 
shown  in  Figure  2,  delay  in  application  of  <  8  h  appears  to  have 
reduced  the  edema  content  of  animals  sacrificed  at  48  h  postburn. 
These  preliminary  results  suggest  that  silver-nylon  dressings  with 
DC  may  have  utility  in  reducing  wound  edema-related  alterations  in 
microcirculation  during  the  early  postburn  period. 

DISCUSSION 

Future  study  will  examine  the  effects  of  silver-nylon  and  DC  on 
serum  protein  content  of  wound  edema. 

PRESENTATIONS 

Chu  C-S :  Iontophoretic  treatment  of  burn  wound  sepsis  using 
silver— nylon  dressings.  Presented  at  the  8th  International 
Congress  on  Burn  Injuries,  New  Delhi,  India,  15  November  1990. 

Chu  C-S:  Improved  healing  and  expansion  with  animal  grcv;th  of 
deep  partial  thickness  scalds  treated  with  weak  direct  current 
silver— nylon  dressings.  Presented  at  the  23rd  Annual  Meeting  of 
the  American  Burn  Association,  Baltimore,  Maryland,  3  April  1991. 
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FIGURE  2.  Effect  of  postburn  time  of  DC  application  on  burn  wound  edema  at  48  h  after 
20%  total  body  surface  area  full-thickness  scald  burns.  DC  was  applied 
after  the  indicated  delay  period  and  then  continued  until  animals  were 
sacrificed  at  48  n  postinjury.  Shaded  area  represents  the  95%  confidence 
limits  for  burned  dorsal  rat  skin  at  48  h  postburn. 
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The  role  of  small  volume  hypertonic  saline-dextran 
resuscitation  after  hemorrhage  is  unclear.  Improvement  in 
hemodynamic  parameters  may  be  at  the  expense  of  cellular  function 
due  to  shift  of  intracellular  water.  Following  a  35%  hemorrhage, 
the  ability  of  small  volume  hypertonic  saline-dextran  to  restore 
hemodynamic  indices  and  hepatic  ATP  was  compared  to  Ringer' s 
lactate  and  no  resuscitation  in  immature  swine  fitted  with  arterial 
and  venous  catheters  and  hepatic  artery  and  portal  venous 
ultrasonic  flow  probes.  Resuscitation  began  30  min  after  a  35% 
hemorrhage  which  decreased  cardiac  output  (2.28  ±  0.56  to 
1.26  ±  0.4  1/min,  P  <  0.001),  hepatic  blood  flow  (345  ±  134  to 
229  ±  108  ml/min,  P  <  0.02),  oxygen  delivery  (278  ±  64  to  130  ±  40 
ml/min,  P  <  0.001),  hepatic  ATP  (3.7  ±  1.9  to  1.5  ±  0.4  (imole/g, 
P  <  0.001),  and  mean  blood  pressure,  (76  ±  23  to  39  ±  8  mmHg,  P  < 
0.001)  . 

While  hypertronic  saline-dextran  was  less  effective  than 
Ringer's  lactate  in  restoring  cardiac  output,  it  was  equally 
effective  in  restoring  visceral  blood  flow,  oxygen  delivery,  and 
hepatic  ATP  production.  Hypertonic  saline-dextran  may  provide  a 
brief  period  of  organ  support  when  standard  resuscitation  measures 
are  impractical. 
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EFFECT  OF  RESUSCITATION  FLUID  ON  HEPATIC  BLOOD  FLOW  AND 
HEPATIC  HIGH-ENERGY  PHOSPHATE  PRODUCTION  IN  A  SWINE  MODEL 

OF  HEMORRHAGIC  SHOCK 


Hemorrhagic  shock  following  rapid  exsanguination  from  blunt  and 
penetrating  trauma  is  a  frequent  cause  of  death.  There  is 
considerable  controversy  as  to  the  timing  of  resuscitation, 
specifically  whether  resuscitation  should  begin  in  the  field  or 
after  delivery  to  the  site  of  definite  care.  Also,  the  best  fluid 
for  acute  resuscitation  is  somewhat  unclear.  Fluids  used  have 
included  whole  blood,  colloids  such  albumin  or  hetastarch,  and 
various  crystalloid  solutions,  of  which  Ringer's  lactate  is 
currently  the  most  popular  (1-3)  .  In  addition,  there  has  been 
recent  interest  in  the  use  of  hypertonic  salt  solutions  in  the 
early  resuscitation  from  hemorrhagic  shock  (4).  In  military 
applications,  the  small  volumes  necessary  for  resuscitation  using 
hypertonic  saline  are  attractive  since  the  volume  of  fluid 
available  close  to  the  battlefield  is  likely  to  be  severely 
restricted.  A  significant  complication  of  prolonged  hemorrhagic 
shock  is  the  subsequent  development  of  multisystem  organ  failure, 
of  which  hepatic  failure  is  a  leading  component  and  often  the  final 
terminal  event.  Although  hepatic  failure  may  develop  at  a  time 
remote  from  the  initial  injury,  it  is  possible  that  the  adequacy  of 
volume  resuscitation  immediately  following  hemorrhage  may  determine 
the  subsequent  development  of  the  sequential  progression  of 
multisystem  organ  failure.  The  adequacy  of  the  resuscitation 
regimen  to  support  hepatic  blood  flow,  hepatic  oxygen  delivery,  and 
the  formation  of  hepatic  high-energy  phosphate  compounds  such  as 
ATP  may  be  important  in  preventing  the  subsequent  development  of 
hepatic  failure.  It  is  unclear  whether  the  various  forms  of 
resuscitation  have  any  significant  impact  on  hepatic  blood  flow, 
hepatic  oxygen  delivery,  and  the  formation  of  hepatic  high-energy 
phosphate  compounds . 

The  role  of  small  volume  resuscitation  fluids  such  as 
hypertonic  saline  or  hypertonic  saline-dext ran  in  the  clinical 
setting  following  acute  hemorrhage  is  unclear.  Potential  benefits 
associated  with  this  form  of  therapy  include  decreased  tissue  edema 
and  a  reduction  in  pulmonary  complications  related  to 
administration  of  large  volumes  of  resuscitation  fluid.  Small 
volume  resuscitation  fluids  are  easier  to  store  and  administer 
compared  to  standard  solutions  such  as  Ringer's  lactate.  Because 
hypertonic  saline  solution  must  "borrow"  water  from  the 
extravascular  and  intracellular  spaces  to  achieve  restoration  of 
effective  circulating  volume,  it  is  possible  that  the  intracellular 
dehydration  caused  by  the  use  of  these  fluids  may  be  detrimental  to 
organ  function.  Little  is  actually  known  about  the  effect  of  these 
fluids  on  organ  function  following  resuscitation  from  hemorrhagic 
shock.  The  following  studies  were  performed  to  develop  a  model  in 
which  to  explore  the  effects  of  resuscitation  fluids  on  hepatic 


532 


blood  flow  and  hepatic  high-energy  phosphate  levels  following  shock 
and  resuscitation. 


MATERIALS  AND  METHODS 

Experimental  Design.  Immature  swine  were  hemorrhaged  of  35%  of 
the  total  blood  volume.  Animals  were  then  randomized  to  receive  no 
resuscitation,  lactated  Ringer's  solution,  or  hypertonic 
saline— dextran .  Pilot  studies  determined  that  a  40%  total  blood 
volume  hemorrhage  had  an  LD80  at  24  h  and  45%  hemorrhage  resulted 
in  an  LD100  at  24  h,  with  many  animals  dying  before  resuscitation 
could  begin.  Therefore,  a  35%  hemorrhage  was  chosen  for  this 
model . 

Description  of  Procedures.  Eighteen  immature  male  or  female 
Yorkshire  swine  weighing  20-25  kg  were  anesthetized  with 
methohexital  sodium  (1  cc/3  kg)  ,  intubated,  and  placed  on  a 
volume-cycled  ventilator,  followed  by  0.51%  halothane  gas 
anesthesia.  A  thermodilution  pulmonary  catheter  was  placed 
percutaneously  in  the  right  jugular  vein  and  an  intravenous 
catheter  for  volume  infusion  was  placed  in  the  left  jugular  vein. 
An  arterial  cannula  for  blood  pressure  measurement  and  hemorrhage 
was  placed  in  the  right  femoral  artery.  EKG  leads  for  heart 
monitoring  were  applied  to  shaven  skin.  An  upper  abdominal  flap 
incision  was  performed  through  the  which  the  hepatic  artery  and 
portal  vein  were  mobilized.  Hepatic  artery  branches  outside  the 
liver  were  ligated  and  the  liver  was  freed  of  its  ligamentous 
attachments.  This  dissection  and  preparation  was  similar  to  that 
of  harvesting  the  liver  for  hepatic  transplantation.  The  goal  was 
to  insure  that  no  collateral  circulation  to  the  liver  was 
maintained  and  that  all  blood  flow  to  the  liver  entered  tnrough  the 
hepatic  artery  or  portal  vein.  A  catheter  for  blood  sampling  was 
placed  through  a  side  branch  of  the  portal  vein.  Ultrasonic  flow 
probes  (Transonies  Systems,  Inc.,  Ithaca,  NY)  were  placed  on  the 
hepatic  artery  and  portal  vein  in  the  porta  hepatis.  After 
obtaining  baseline  cardiac  output,  heart  rate,  blood  pressure, 
total  hepatic  blood  flow,  and  oxygen  delivery,  a  liver  Truecut™ 
needle  biopsy  was  performed. 

Animals  underwent  hemorrhage  of  35%  of  the  blood  volume  over  a 
30-min  period.  Animals  randomized  to  the  control  group  were 
hemorrhaged  but  not  resuscitated.  After  30  mm,  resuscitation 
fluids  were  given  to  animals  assigned  to  the  treatment  groups, 
i.e.,  lactated  Ringer's  solution  (3  ml  per  milliliter  shed  blood) 
or  hypertonic  saline-dext ran  (7.5%  NaCl,  4  ml/kg)  over  a  25-min 
period.  Hemodynamic  data  and  blood  samples  were  collected  15  min 
after  hemorrhage,  immediately  after  resuscitation,  and  at  60  min 
after  resuscitation.  When  this  was  completed,  the  catheters  were 
removed  and  the  incisions  were  closed.  The  animals  returned  to 
their  cages  and  observed  for  24  h.  Each  animal  was  given  food  and 
water  ad  libitum  following  completion  of  all  surgical  procedures 
and  allowed  unrestricted  activity  inside  the  cages.  Wounds  were 
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treated  with  dry  gauze  dressings.  Buprenorphine  (0.005-0.01  mg/kg 
IM)  was  administered  every  12  h  for  pain.  All  surviving  animals 
were  sacrificed  at  the  end  of  the  24-h  period  with  sodium 
pentobarbital  (60  mg/kg  IV)  and  exsanguinated.  A  section  of  liver 
was  obtained  from  each  animal  after  sacrifice  for  histologic 
analysis  to  determine  liver  architecture  24  h  posthemorrhage  and 
resuscitation . 

Determination  of  Number  of  Animala  Required.  Previous  studies 
using  this  swine  model  of  hemorrhage  have  used  5  animals  in  each 
study  group. 

Data  Analysis  Plan.  Hepatic  blood  flow,  oxygen  delivery,  and 
formation  of  hepatic  high-energy  compounds  as  well  as  hemodynamic 
data  will  be  compared  between  the  control  groups  and  each  of  the 
hemorrhage  groups  and  will  be  analyzed  for  statistical  differences. 

RESULTS 

Based  on  the  results  of  this  portion  of  the  study  (see  Table 
1),  it  appears  that  hypertonic  saline-dext ran  is  a  relatively 
effective  resuscitation  fluid  for  acute  hemorrhagic  shock. 
Hypertonic  saline-dext  ran  was  as  effective  as  Ringer's  lactate  in 
restoring  hepatic  blood  flow  and  hepatic  ATP,  although  less 
effective  than  Ringer's  lactate  in  restoring  cardiac  output.  We 
conclude  that  hypertonic  saline-dext ran  may  provide  a  period  of 
organ  support  when  other  resuscitation  practices  are  impractical. 


TABLE  1.  Parameters  at  1  h  Postresuscitation 


No 

Resuscitation 
( n  =  6 ) 

Ringer ' s 
Lactate 
<n-6) 

Small  Volume 
Hypertonic 
Sal  ine-Ce:-:tran 
( n  =  6  > 

Cardiac  output  ( 1  in ) 

i.2±6 

2.7  ±  0.8 

1.9  +  0.5 

Hepatic  blood  flew  (ml /min) 

189  ±  103 

331  +  182 

3  62  ±  .1.01 

Oxygen  delivery  (ml /min) 

134  ±  55 

247  £  8C 

184+  69 

/•TP  (|in:oie/a) 

1.3  ±  C . 3 

2.5  +  0.6* 

3.5  +  1.2* 

feiood  pressure  (mmf-y ) 

42  i  13 

6  v  +  1  j 

58  +  5 

*P  <  0.05  vs  no  resuscitation. 
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DISCUSSION 


To  further  evaluate  hypertonic  saline-dextran,  an 
unanesthetized  swine  model  will  be  studied.  The  model  will  include 
a  preliminary  procedure  under  general  anesthesia.  A  splenectomy 
will  be  performed  and  flow  probes  will  be  placed  on  the  portal  vein 
and  hepatic  artery.  An  arterial  catheter  will  be  placed  in  the 
aorta  through  the  sacral  artery  and  catheters  will  be  placed  in  the 
portal  and  hepatic  veins.  A  Swan-Ganz  catheter  will  be  placed  in 
the  pulmonary  artery.  Catheters  will  be  tunneled  subcutaneously, 
protected  by  Velcro11*  patches,  and  flushed  daily  with  a 
heparin-saline  solution.  Approximately  5  days  after  these 
procedures,  the  animals  *rill  be  placed  into  a  modified  Pavlon™ 
sling  for  the  shock  portion  of  the  study. 

PRESENTATIONS 

Seeker  WK:  Hypertonic  saline-dextran  and  the  recovery  of 
hepatic  blood  flow  and  high-energy  phosphate  content  following 
hemorrhage.  Presented  at  the  2nd  International  Conference  on 
Shock,  5th  Annual  Meeting  of  the  European  Shock  Society,  14th 
Annual  Meeting  of  the  Shock  Society  (USA) ,  and  3rd  Annual  Vienna 
Shock  Forum,  Vienna,  Austria,  3  June  1991. 

PUBLICATIONS 

Becker  W,  Cioffi  W,  Mason  A,  and  Pruitt  B:  Hypertonic 
saline-dextran  and  the  recovery  of  hepatic  blood  flow  and  high 
energy  phosphate  content  following  hemorrhage.  Circ  Shock 
34  (1)  :  35,  May  1991 . 
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ABSTRACT 
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Results  from  the  first  24  patients  enrolled  in  this  study 
indicate  that  there  is  a  significant  depression  of  plasma  PLP 
levels  beginning  shortly  after  thermal  injury  and  continuing 
through  the  convalescent  period.  The  levels  observed  are 
consistent  with  those  seen  in  severe  vitamin  B6  deficiency. 

A  question  arose  as  to  whether  the  depression  in  PLP  levels 
observed  in  thermally  injured  patients  represented  a  true 
deficiency  of  the  vitamin  or  alternatively  represented  dilution 
and/or  redistribution  of  the  vitamin.  Therefore,  this  study  was 
expanded  m  an  attempt  to  answer  this  question. 
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CORRELATION  OF  PLASMA  AMINO  ACID  AND  PYRIDOXAL-5' -PHOSPHATE 
(PLP )  LEVELS  IN  THERMALLY  INJURED  PATIENTS 


Critically  ill  patients,  including  patients  with  major  thermal 
injuries,  are  known  to  have  alterations  in  plasma  amino  acid 
levels.  Stress  and  critical  illness  are  associated  with 
hypermetabolism  and  increased  amino  acid  flux.  Amino  acids  are 
released  from  the  carcass  through  catabolism  of  skeletal  muscle  and 
transported  to  central  organs,  principally  the  liver  and  gut,  for 
use  in  production  of  acute-phase  proteins,  gluconeogenesis,  and 
energy  production.  In  progressive  multiorgan  failure  associated 
with  sepsis,  severe  burn  injury,  and  multiple  trauma,  a 
characteristic  picture  of  plasma  amino  acids  emerges.  Aromatic 
amino  acid  levels  are  elevated  and  levels  of  branch-chain  amino 
acid  levels  are  depressed.  These  changes  are  often  associated  with 
progressive  hepatic  dysfunction,  hyperbilirubinemia,  coagulation 
disorders,  and  subsequent  death.  Various  explanations  for  this 
pattern  have  emerged;  however,  none  are  entirely  satisfying.  PLP 
is  a  cofactor  form  of  vitamin  B6  and  is  required  for  the  normal 
function  of  numerous  enzymes,  including  many  in  amino  acid 
synthesis  and  degradation. 

Deficiency  of  PLP,  until  recently,  has  been  thought  to  be  rare 
and  only  associated  with  severe  forms  of  dietary  malnutrition. 
However,  recent  studies  have  demonstrated  that  under  certain 
conditions,  especially  severe  stress  associated  with  a  major 
illness,  PLP  deficiency  may  be  present  (1,2).  In  critically  ill 
surgical  ICU  patients,  extremely  low  levels  of  PLP  have  been  found, 
with  the  level  of  depression  correlating  with  mortality  (2). 
Possible  reasons  for  the  depression  of  PLP  in  critically  ill 
patients  include  elevated  levels  of  polyamines  such  as  spermidine 
and  putrescine,  which  form  a  Schiff's  base  with  PLP.  Also, 
aminoglycoside  antibiotics  and  theophylline  preparations,  agents 
frequently  used  in  ICU  patients,  may  also  interact  with  PLP  and 
depress  levels  (3).  The  increase  in  metabolic  activity  associated 
with  critical  illness  may  also  increase  nutritional  requirements 
for  PLP. 

If  depressed  PLP  levels  correlate  with  abnormalities  in  amino 
acid  profile  that  are  associated  with  multiorgan  failure, 
supplementation,  either  prophylactic  or  therapeutic,  may  prevent  or 
decrease  the  occurrence  and  consequences  of  multiorgan  failure  and 
therefore  enhance  survival  in  critically  ill  patients.  Therefore, 
the  objective  of  this  study  is  to  measure  PLI  levels  in  thermally 
injured  patients  and  correlate  this  with  abnormalities  in  amino 
acid  metabolism. 


MATERIALS  AND  METHODS 

Description  of  Procedures.  Twenty— four  patients  with  thermal 
injury  had  plasma  PLP  and  amino  acid  profiles  drawn  on  admission, 
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weekly,  and  when  indicated  by  a  change  in  clinical  status.  Burn 
size,  presence  of  inhalation  injury,  morbidity,  mortality, 
complications,  liver  function  test  results,  nitrogen  balance, 
calories  predicted  and  received,  usage  of  aminoglycosides, 
theophylline,  and/or  digoxin,  and  the  amount  of  vitamin  B6 
supplementation  received  in  tube  feedings  or  hyperalimentation  were 
recorded.  No  additional  supplementation  of  vitamin  B6,  beyond  that 
normally  present  in  the  diet,  enteral,  or  parenteral  feedings,  was 
given  to  the  patients. 

Patient  Inclusion.  Twenty-four  patients  meeting  the  following 
criteria  were  eligible  for  enrollment  in  the  study.  Properly 
signed  and  witnessed  DA  Forms  5303-R,  Volunteer  Agreement 
Affidavits,  were  obtained  from  each  patient,  or  his/her  legal 
guardian,  prior  to  beginning  the  study. 

1  .  Male  or  female  patients  >  18  yr  old. 

2.  Patients  admitted  to  the  US  Army  Institute  of  Surgical 
Research  within  72  h  postburn. 

3 .  Patients  with  burns  >  20%  of  the  total  body  surface  area 
(the  presence  of  an  inhalation  injury  not  being  exclusionary) . 

Patient  Exclusion.  Patients  meeting  any  of  the  following 
criteria  were  excluded  from  participation  in  this  study. 

1.  Patients  <  18  yr  old. 

2 .  Patients  not  admitted  to  the  US  Army  Institute  of  Surgical 
Research  within  the  first  72  h  postburn. 

3 .  Patients  with  burns  <  20%  of  the  total  body  surface  area  or 
toxic  epidermal  necrolysis. 

Amino  Acid  Analysis.  Blood  for  amino  acid  analysis  was 

collected  in  a  7-ml  green-top  tube  (lithium-heparin)  and  placed 
directly  on  ice.  The  plasma  was  separated  by  centrifugation  and 
stored  in  a  plastic  cryotube  at  -80°C.  Plasma  amino  acid  analysis 

was  performed  on  an  amino  acid  analyzer  (Beckman  6300)  This 

technique  involves  lithium-based  buffering  for  HPLC  on  a  20-cc 
column  with  ninhydrin  analysis. 

Plasma  PLP  Analysis.  Blood  for  plasma  PL?  analysis  was 

collected  in  a  7-ml  purple-top  (EDTA  preservative)  tube  on  ice 
protected  from  light.  Plasma  was  separated  by  centrifugation  and 
stored  in  a  plastic  cryotube  at  -8Q"C  prior.  The  technique  for 
determining  PLP  was  the  undeproteini zed  tyrosine  apodecarboxylase 
RIA,  a  technique  which  appears  to  correlate  better  with  survival  in 
critically  ill  patients  chan  bioassays  or  functional  assays. 


Nitrogen  Balance  Studies.  The  formula  by  Waxman  et  al  (8)  with 
silver  sulfadiazine  modification  was  used  as  follows: 

Nitrogen  Intake  —  Nitrogen  Output  =  Nitrogen  Balance 


Nitrogen  Intake  - 


Protein_Intake  _[g)_ 
6.25 


~  .  .  .  ......  ..  ..  ,  Urinary  Urea  Nitrogen  +  4  g 

Nitrogen  Output  by  UUN  Method  =  +  WounJ  Loss 

.  .  ,  Total  Urea  Nitrogen  +  2  g 

Nitrogen  Output  by  TUN  Method  =  +  Wound  Loss 

Wound  Loss  =  0.1  X  TBSA  X  %TBSA  Burn  X  0.8 

Data  Collection.  Data  collection  included  results  of  both 
plasma  PLP  and  amino  acid  analyses,  burn  size,  presence  of 
inhalation  injury,  mortality,  morbidity,  caloric  intake,  amount  of 
vitamin  B6  supplementation,  use  of  aminoglycoside  antibiotics, 
theophylline  drugs,  and/or  digoxin,  and  nitrogen  balance,  and 
results  of  any  routine  liver  function  tests.  Data  was  tabulated 
for  each  patient  on  flow  sheets. 

Data  Analysis  Plan.  Multiple  regression  was  used  to  detect  any 
relationship  between  the  various  independent  variables  from  the 
collected  data  and  dependent  variables  which  were  measured. 

RESULTS 

Results  from  the  first  24  patients  enrolled  in  this  study 
indicate  that  there  is  a  significant  depression  of  plasma  PLP 
levels  beginning  shortly  after  thermal  injury  and  continuing 
through  the  convalescent  period.  The  levels  observed  are 
consistent  with  those  seen  in  severe  vitamin  B6  deficiency. 

An  addendum  to  this  study  was  'levs i oped  and  approved  during 
this  reporting  period.  In  addition  co  measuring  PLP  levels, 
peripheral  blood  mononuclear  cells  will  be  isolated  from  the  blood 
sample  obtained  and  the  level  of  the  enzyme,  ornithine 
decarboxylase,  will  be  measured  before  and  after  mitogen 
stimulation  in  the  cell  culture.  Ornithine  decarboxylase  is  a 
vitamin  Bg-dependent  enzyme  and  activity  of  this  enzyme  is  required 
for  peripheral  blood  mononuclear  cells  to  proliferate.  In  addition 
to  the  measurement  of  this  enzyme  activity,  erythrocyte  PLP  levels 
will  also  be  measured.  Erythrocyte  PLP  levels  may  give  a  more 
accurate  indication  of  body  stores  of  vitamin  Bg  when  compared  to 
plasma  levels.  Ornithine  decarboxylase  will  be  measured  using  a 
technique  that  involves  the  liberation  of  14C02  from  C14  ornithine. 
The  measurement  of  RBC  PLP  will  be  the  same  as  that  for  plasma  PLP. 
Correlation  between  levels  of  PLP,  ornithine  carboxylase,  and 
erythrocyte  PLP  activity  will  be  performed. 
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DISCUSSION 


A  question  arose  as  to  whether  the  depression  in  PLP  levels 
observed  in  thermally  injured  patients  represented  a  true 
deficiency  of  the  vitamin  or  alternatively  represented  dilution 
and/or  redistribution  of  the  vitamin.  Therefore,  this  study  was 
expanded  in  an  attempt  to  answer  this  question. 

Upon  enrollment  of  the  next  26  patients  in  the  amended  study, 
all  data  will  be  analyzed  as  indicated. 
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Thermal  injury  induces  a  hypecmetabolic  response.  with 
increasas  in  energy  expenditure,  protein  turnover,  and  amino  acid 
flux.  Nutritional  support  of  the  thermally  injured  patient  is 
generally  considered  important  in  minimizing  negative  nitrogen 
balance  and  erosion  of  lean  body  mass.  The  axact  composition  of 
the  nutritional  support  regimen  to  best  accomplish  these  goals  is 
unclear.  This  study  was  undertaken  to  help  elucidate  the  role  of 
arginine  and  the  other  urea  cycle  amino  acids,  ornithine  and 
citrulline,  in  normal  animals  and  following  experimental  thermal 
injury  and  burn  wound  infection. 

This  study  demonstrated  that  the  modification  of  dietary 
urea-cycle  enzyme  levels  can  markedly  alter  weight  gain,  plasma 
amino  acid  levels,  and  the  excretion  of  orotic  acid.  Our  results 
also  suggest  that  thermal  injury  with  the  resulting  large  increase 
in  urea  synthesis  did  not  stress  the  urea  cycle  or  resulc  in  a 
delay  in  flew  of  metabolic  intermediates  resulting  in  orotic  acid 
excretion.  It  is  also  interesting  to  note  that  the  activity  of  the 
five  urea-cycle  enzymes  did  not  change,  suggesting  that  none  of  the 
enzymes  were  rate-limiting  and  that  posttranslat ional  control 
mechanisms  which  were  not  measured  in  this  study  were  likely 
responsible  for  the  ability  to  produce  the  increased  urea  output. 

Because  these  amino  acids  play  such  a  diverse  role  in  protein 
synthesis  and  intermediary  metabolism,  the  physiologic  significance 
of  dietary  manipulation  following  trauma  will  require  further 
investigation . 
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EFPECT  OF  ARGININE  DEPRIVATION  ON  THE  RESPONSE  TO  THERMAL  INJURY 
AND  BURN  WOUND  INFECTION  IN  THE  RAT  -  A  PILOT  STUDY 


Thermal  injury  induces  a  hypermetabolic  response,  with 
increases  in  energy  expenditure,  protein  turnover,  and  amino  acid 
flux.  Nutritional  support  of  the  thermally  injured  patient  is 
generally  considered  important  in  minimizing  negative  nitrogen 
balance  and  erosion  of  lean  body  mass.  The  exact  composition  of 
the  nutritional  support  regimen  to  best  accomplish  these  goals  is 
unclear.  Arginine,  which  has  generally  been  considered  to  be  a 
nonessential  amino  acid  in  the  adult  (1),  has  been  reported  to  have 
a  number  of  metabolic  properties  that  warrant  further  investigation 
to  determine  the  exact  role  of  this  amino  acid  in  the  response  to 
injury . 

In  the  rat,  consumption  of  an  arginine-deficient  diet  has  beer, 
associated  with  a  decrease  in  water  intake  and  urine  output,  but 
growth  and  weight  gain  were  normal  (2) .  Arginine  plays  a  central 
role  in  both  amino  acid  and  nitrogen  metabolism.  It  is 
incorporated  into  proteins  and  is  also  a  key  intermediate  in  the 
urea  cycle  which  is  the  principal  pathway  of  nitrogen  elimination 
in  mammalian  species  (3)  .  Intake  of  an  arginine-deficient  diet  has 
been  associated  with  a  marked  increase  in  orotic  acid  excretion  in 
the  urine  (4) .  Carbamoyl  phosphate,  a  urea  cycle  intermediate  and 
a  precursor  to  orat.ate,  j  s  presumably  unable  to  enter  the  urea 
cycle  in  sufficient  quantity  during  periods  of  arginine  deprivation 
and  is  directed  to  the  cytosol  and  converted  to  orotic  acid,-  a 
pyrimidine  precursor.  Excess  orotic  acid  then  leaves  the  cell  and 
is  excreted  in  the  urine.  Several  studies  suggest  that  arginine 
may  become  an  essential  amino  acid  d.  ring  times  of  stress,  injury, 
or  illness  (5,6).  A  relative  deficiency  of  arginine  may  lead  to 
abnormalities  of  both  the  urea  cycle  and  protein  synthesis,  with 
concomitant  abnormalities  in  wound  healing  and  immunologic 
function.  Other  metabolites  of  arginine,  such  as  polyamines,  are 
thought  to  regulate  macrophage  response  to  cytokines  such  as 
interleukin-1  ar.d  tumor  necrosis  factor  and  may  also  be  affected  by 
arginine  deficiency  (7). 

The  following  studies  were  performed  to  help  elucidate  the  role 
of  arginine  and  the  other  urea  cycle  amino  acids,  ornithine  and 
citrulline,  in  normal  animals  and  following  experimental  thermal 
injury  and  burn  wound  infection. 

MATERIALS  AND  METHODS 


Study  Design. 

Phase  I.  The  effects  of  modification  of  dietary  urea-cycle 
amino  acids  on  weight  gain  end  plasma  aminograms  were  studied  in 
the  rat  model.  Adult  Lewis  rats  were  placed  on  defined  amino  acid 
diets  that  varied  only  in  the  content  of  the  urea-cycle  amino 
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acids.  The  first  diet,  the  amino  acid  control  diet  (Arg+) , 
contained  12.1  g/kg  L-arginine.  The  arginine-deficient  diet  (Arg--) 
was  identical  except  that  L-arginine  was  omitted  and  the  sucrose 
content  was  increased  to  502.98  g/kg.  The  ornithine  diet  (Orn)  was 
identical  to  the  amino  acid  control  diet  except  that  L-arginine  was 
omitted,  15.19  g/kg  L-ornithine  was  added,  and  sucrose  was  changed 
to  487.79  g/kg.  The  citrulline  diet  (Cit)  was  identical  to  the 
amino  acid  control  diet  except  that  L-arginine  was  omitted,  13.42 
g/kg  L-citrulline  was  added,  and  sucrose  was  changed  to  489.56 
g/kg.  These  diets  were  complete  and  contained  supplemental 
minerals  ana  vitamins.  Animals  were  placed  in  individual  metabolic 
cages  and  weight  gain,  food  intake,  and  urinary  output  were 
measured  on  a  daily  basis  for  a  period  of  5  weeks.  At  the  end  of 
the  study  period,  the  animals  were  sacrificed  with  sodium 
pentobarbital  (35  mg/kg  IP)  and  exsanguinated.  Blood  samples  and, 
in  some  cases,  hepatic  tissues  were  obtained  for  further  analysis. 
Plasma  amino  acid  levels  were  performed  and  the  activity  of  the 
urea  cycle,  the  five  urea  cycle  amino  acids,  carbamoyl-phosphate 
synthetase,  ornithine  transcarbamylase,  argininosuccinate 
synthetase,  argininosuccinase ,  and  arginase  were  performed  on  fresh 
hepatic  homogenates. 

Phase  II.  Adult  Lewis  rats  were  adapted  for  a  period  of  5 
days  to  the  amino  acid  control  diet.  On  day  0,  baseline  weight, 
food  intake,  and  nitrogen  balance  studies  were  performed.  The 
animals  were  divided  into  two  groups,  burn  and  sham-burn.  Animals 
were  anesthetized  with  sodium  pentobarbital  (35  mg/kg  IP) .  The 
aorsal  area  was  shaved  and  the  animal  placed  in  an  insulated 
template  which  exposed  30%  of  the  total  body  surface  area.  Animals 
assigned  to  the  burn  group  were  then  immersed  in  100°C  water  for  10 
sec  to  produce  a  30%  total  body  surface  area  full-thickness  scald 
burn.  Animals  assigned  to  the  sham-burn  group  were  immersed  in 
water  equal  to  room  temperature  for  10  sec.  Animals  were  then 
randomized  to  one  the  diet  groups  described  under  Phase  I  and 
studied  for  either  3  or  8  days.  Daily  nitrogen  balance  studies 
were  performed  and  urinary  orotic  acid  excretion  and  polyamines 
were  measured.  On  postburn  day  3  or  8,  animals  were  sacrificed 
with  sodium  pentobarbital  (60  mg/kg  IP)  and  exsanguinated.  Blood 
samples  were  obtained  and  analyzed  for  amino  acids.  Hepatic 
tissues  were  analyzed  for  hepatocellular  urea-cycle  amino  acid 
levels . 

Determination  of  Number  of  Animals  Required.  Since  this  was  a 
pilot  study,  the  number  of  animals  requested  was  based  upon  an 
estimate  of  the  number  of  animals  per  group  required  to  give  a 
large  response  within  each  group.  No  previous  data  were  available 
to  estimate  the  variance  expected  to  result. 

Data  Analysis  Plan.  Differences  in  biochemical  parameters  were 
studied  by  ANOVA  and,  where  warranted,  intergroup  significance 
determined  by  Scheffe'  technique. 
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RESULTS 


Phase  I.  Weight  gains  for  each  group  are  listed  in  Table  1. 
The  greatest  weight  gain  was  in  the  Cit  group.  Animals  in  the  Arg- 
group  had  markedly  decreased  weight  gain.  Animals  in  the  Orn  group 
had  intermediate  weight  gain.  After  5  days  on  a  similar  diet,  the 
Arg-  group  had  significantly  decreased  T-cell  helper  suppressor 
ratios  (Arg+,  3.04  ±  0.51;  Arg-,  2.24  ±  0.17  (P  <  0.05))  and  at  14 
days,  orotic  acid  excretion  was  markedly  increased  (Arg+,  0.08  ± 
0.02  £*g/mg  creatinine;  Arg-,  10.9  ±  5.1  (P  <  0.01)).  Plasma  amino 
acid  levels  are  listed  in  Table  2.  The  Arg-  group  had  markedly 
elevated  levels  of  glutamine  at  900  ±  136  /iM/1 .  The  Cit  group  had 
significantly  elevated  levels  of  citrulline  and  arginine  in  the 
plasma.  Arginine  levels  were  depressed  in  the  Arg-  and  Orn  groups 
compared  to  the  Arg-t  group. 


TABLE  1.  Weight  Gain  (Mean  1  SD) 


Group 

n 

Weight 

(q) 

Amino  acid  control 

(Arg+) 

10 

79.4  ±  13.9 

Araini.ne-def  icient 

(Arg-) 

10 

14.8  ±  7.4* 

Ornithine  (Orn) 

10 

40.1  ±  5.9* 

Citrulline  (Cit) 

10 

98.8  ±  8.9 

*P  <  0.05  vs  Arg+, 

ANOVA . 

TABLE  2  . 

Plasma 

Amino  Acid  Levels 

(Mean  ±  SD) 

Grouo 

Arg  in  ir.e 
(Urn/  1  ) 

Ornithine 
(Urn/  1 ) 

Amino  acid  control 

(Arg+) 

151  ±  14 

82  ±  24 

66  ±  11  554  -  154 

Argi nine-def icient 

(Arg-) 

82  t  51* 

68  ±  3? 

6  9  i  1 3  9  0  0  ±  1  3  6  * 

Ornithine  (Orn) 

7  b  ±  4  3  * 

7  4  ±  51 

6  7  ±  9  5  9b  +  'i  5 

Citrulline  (Cit) 

2  95  ±  4 4 * 

104  ±  13 

235+59*  496  i  20 

* P  <  0.05  vs  Arg  + , 

ANOVA . 

Phase  II.  Results  are  listed  in  Table  3.  Thermal  injury 
resulted  in  a  significant  increase  in  UUN  excretion  and  negative 
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TABLE  3.  Nitrogen  Balance  and  Enzyme  Levels 


Posthurn  Day  3  Postburn  Day  8 


Group  = 

Sham 

.-Burn 

Burn 

Sham-Burn 

Burn 

Nitrogen  balance  (mg/day) 

90 

± 

18 

-59 

± 

33* 

79  ± 

11 

80 

+ 

17 

Nitrogen  intake  (mg/day) 

340 

± 

10 

330 

± 

22 

328  ± 

11 

377 

± 

21* 

Nitrogen  output  (mg/day) 

253 

± 

15 

389 

+ 

33* 

250  ± 

9 

297 

± 

26 

Orotic  acid  (Hg/day) 

106 

± 

11 

65 

± 

7* 

114  ± 

5 

129 

o. 

6 

Ornithine  transcarbamylase  (U) 

123 

± 

12 

119 

+ 

14 

151  ± 

.17 

144 

± 

21 

Arginine  (U) 

260 

± 

27 

228 

+ 

23 

260  ± 

20 

245 

± 

18 

*P  <  0.05  vs  sham-burn  group. 


nitrogen  balance,  despite  a  nitrogen  intake  equal  to  sham-burned 
animals.  There  was  no  increase  in  the  activity  of  any  of  the 
levels  of  the  urea-cycle  enzymes  and  orotic  acid  excretion  was 
significantly  lower  for  animals  assigned  to  the  burn  group, 
suggesting  adequacy  of  urea-cycle  enzyme  function. 

DISCUSSION 

These  studies  demonstrated  that  the  modification  of  dietary 
urea-cycle  enzyme  levels  can  markedly  alter  weight  gain,  plasma 
amino  acid  levels,  and  the  excretion  of  orotic  acid.  The  factors 
that  control  urea  synthesis  in  normal  animals  and,  in  particular, 
following  trauma  with  resulting  large  increases  in  urea  output  are 
not  well  understood.  Urea-cycle  enzymes  have  a  long  half-life  and 
minute-to-minute  or  hour-to-hour  control  appears  to  be  largely  at 
the  posttranslation  level.  The  excretion  of  orotic  acid  is 
elevated  in  subjects  that  have  genetic  deficiencies  in  one  of  the 
urea-cycle  enzymes.  It  is  interesting  that  this  also  occurs  in 
rats,  particularly  when  arginine  is  deleted  from  the  diet.  The 
finding  of  markedly  increased  levels  of  plasma,  citrulline,  and 
arginine  for  the  Cit  group  is  interesting.  Recent  speculation 
suggests  that  there  is  a  citrulline-arginine  cycle  involving  the 
liver,  small  intestine,  and  kidney.  In  the  liver,  all  of  the 
enzymes  necessary  for  arginine  synthesis  are  present,  but  because 
of  the  high  levels  of  the  enzyme,  arginase,  it  is  likely  that 
almost  all  arginine  present  is  immediately  broken  down  to  ornithine 
and  urea.  In  contrast,  the  small  intestine  and  kidney  contain 
enzymes  that  result  in  synthesis  of  arginine  from  citrulline  but 
arginase  is  either  present  in  extremely  low  levels  or  entirely 
absent  from  these  tissues.  Thus,  these  two  tissues  may  be  net 
producers  of  arginine.  It  is  possible  that  in  the  Cit  group. 
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arginine  synthesis  and  export  from  the  small  intestine  or  the 
kidneys  was  markedly  enhanced. 

In  our  observations  of  burn  and  sham-burned  animals  in  the  ARG+ 
group,  nitrogen  balance  was  markedly  negative  on  the  third  day 
postinjury  but  orotic  acid  excretion  was,  in  fact,  decreased 
compared  to  the  sham-burned  animals.  This  suggests  that  thermal 
injury  with  the  resulting  large  increase  in  urea  synthesis  did  not 
stress  the  urea  cycle  or  result  in  a  delay  in  flow  of  metabolic 
intermediates  resulting  in  orotic  acid  excretion.  It  is  also 
interesting  to  note  that  the  activity  of  the  five  urea-cycle 
enzymes  did  not  change,  suggesting  that  none  of  the  enzymes  wdS 
rate-limiting  and  that  posttranslationsl  control  mechanisms  which 
were  not  measured  in  this  study  were  likely  responsible  for  the 
ability  to  produce  the  increased  urea  output.  The  urea-cycle  amino 
acids,  arginine,  ornithine,  and  citrulline,  are  involved  in  diverse 
metabolic  processes  other  than  the  synthesis  of  urea.  These 
include  the  synthesis  of  polyamines,  the  synthesis  of  nitric  oxide, 
arginine  is  also  required  for  protein  synthesis  and  arginine  in 
particular  has  been  described  as  being  involved  in  a  number  of 
immunologic  control  mechanisms.  Because  these  amino  acids  play 
such  a  diverse  role  in  protein  synthesis  and  intermediary 
metabolism,  the  physiologic  significance  of  dietary  manipulation 
following  trauma  will  require  further  investigation. 

It  is  planned  to  follow  up  the  current  study  with  a  series  of 
studies  to  determine  the  mechanisms  that  control  urea  synthesis 
postinjury,  to  ascertain  whether  dietary  manipulation  of  urea-cycle 
amino  acids  results  in  alterations  in  polyamine  and  nitric  oxide 
syntheses,  and  to  elucidate  the  pathophysiologic  significance  of 
any  alteration  in  the  previously  described  biologic  processes. 

PRESENTATIONS/PUBLICATIONS 

Becker  WK:  Urea-cycle  amino  acids  and  growth  in  rats. 
Presented  at  the  34th  World  Congress  of  Surgery  of  the  ISS/SIC  and 
12th  Wo rid  Congress  of  CICE,  Stockholm,  Sweden,  25  August  1991. 

REFERENCES 

1.  Zieve  L:  Conditional  deficiencies  of  ornithine  or  arginine. 

J  Am  Coll  Nutr  5:167-76,  1986. 

2.  Kim  S,  Paik  WK,  Cohen  PP:  Ammonia  intoxication  in  rats: 

protection  by  N-carbamoyl-L-glutamate  plus  L-arginine.  Proc 
Natl  Acad  Sci  USA  69:3530-3,  1972. 

3.  Bachmann  C,  Colombo  JP :  Computer  simulation  of  the  urea  cycle: 
trials  for  an  appropriate  model.  Enzyme  26:259-64,  1981. 

4.  Alonso  E,  Rubio  V:  Orotic  aciduria  due  to  arginine 

deprivation:  changes  in  the  levels  of  carbamoyl  phosphate  and 


550 


of  other  urea  cycle  intermediates  in  mouse  liver . 
119:1188-95,  1989. 


J  Nut  l 


5.  Seifter  E,  Rettura  G,  Barbul  A,  Levenion  SM;  Arginine:  an 
essential  amino  acid  for  injured  rati.  Surgery  04:224-30, 
1978. 

6.  Sitren  HS,  Fisher  H:  Nitrogen  retention  in  rats  fed  on  diets 
enriched  with  arginine  and  glycine.  1.  Improved  N  retention 
after  trauma.  Br  J  Nutr  37:195-208,  1977, 

7.  Flescher  E,  Bowlin  TL,  Talal  N:  Folyamine  oxidation 

down-regulateo  IL-2  production  by  human  peripheral  blood 
mononuclear  cells.  J  Immunol  142:907-12,  1989, 


551 


*f  IMM',11  IHM*fUUK)Y  WORN  0*11  IUMMAMY 


WmSSBEnSBWmx 


fi  3  u\'  i  o  » )  i 


urn;  1 ) 


II  t  I  <  mu*  MY  <n»»l*f  I  4  (  W  »if*  *f  «■*  I,  i  teArihM  f  ««■,  (  U  I  PMI  III 

i'JJ  _ ...  ... 

If  lh"VUi  II  *»»•»«•>■  II  '••WHIM  ^».u<  mi  «|  «*•  Vn«  Httmn  IMIimm  f*M»i  ” 

?  1/ li  ■  (U|  Tha  ab)#utlva  of  t.hla  Mink  la  ti>  davalop  an  animal  nodal  or 

Atpai gl 1 lut  burn  wound  Infaetlun.  Dpi agua-bawlay  rata  will  ba  adwlnlatarad 
304  aoald  wound#  and  inouulatad  with  Afpargillua  flivot  at  varloua  timaa 
putibutn,  Qrouj.  1  will  aaiva  at  Urn  control  group,  Clroup  2  will  racwiva 
ai  i  wploiwwin  I  u  Uaya  prim  to  Injury,  group  3  will  racaiva  cortlaona  aoatata 
3i  h  pilot  to  injury,  and  Oioup  4  will  racaiva  oyclouporine  24  h  prior  to 
injury.  Wound#  will  ba  aaaminad  dally  and  tha  appaaranoa  raoorUad.  Any 
animal  nut  tutvlving  to  13  daya  and  aurvlving  animalt  aaorlfioad  at  13  day a 
will  undatgo  naoiopty  and  hlalopaUiologio  anamination.  Aaaulta  of  wound 
appaai anca,  mortality,  wound  cultura,  and  hi atopathology  and  any  avidanca  o C 
dltiaminatad  In  fact  Ion  will  ba  raoordad. 

i%,  <U)  Vto;  -  viuy.  butplla  modi  M gallon*  in  apaclaa,  no  aignifioant 

fungal  burn  wound  infactlon  waa  pruduoad,  It  la  likaly  that  rodanta  axa 
rati atard  to  fungal  burn  wound  infautlon  and  at*  not  a  good  apaclaa  cholca  to 
atudy  Uila  ptoblam,  Tharafnia,  thia  atudy  haa  baan  tarninatad, 


SUPPLEMENTAL  WORK  UNIT  INFORMATION  FOR  THE  PROJECT  ENTITLED 
"DEVELOPMENT  OF  AN  ASPERGILLUS  RAT  BURN  WOUND  INFECTION  MODEL  -  A 
PILOT  STUDY" 


Subrecord/Linking  Accession  Number:  Not  applicable. 

Search  Control  Data:  W6L16M/W6L18M,  9  January  1990. 

Product  Identification:  For  technical  reports,  refer  to  the  US 
Army  Institute  of  Surgical  Research  Annual  Research  Progress  Report 
for  fiscal  years  1990-1. 

Unclassified  Special  Categories:  Lab  Animals:  Rats;  Mice;  RA  II. 


553 


ABSTRACT 


PROJECT  NUMBER:  3M161102BS14,  Research 

PROJECT  TITLE:  Development  of  an  Aspergillus  Rat  Burn  Wound 

Infection  Model  -  A  Pilot  Study 

INSTITUTION:  US  Army  Institute  of  Surgical  Research,  Fort  Sam 

Houston,  San  Antonio,  Texas  78234-5012 

PERIOD  COVERED  IN  THIS  REPORT:  1  October  1990  -  30  September  1991 

INVESTIGATORS:  William  K.  Becker,  Lieutenant  Colonel,  MC 

Albert  T.  McManus,  PhD 

Seung  H.  Kim,  MD,  Colonel,  MC 

William  G.  Cioffi,  Jr.,  MD,  Major,  MC 

Carlin  V.  Okerberg,  DVM,  PhD,  Lieutenant  Colonel,  VC 

Dawn  E.  McDonald,  Staff  Sergeant 

Bryan  S.  Jordan,  RN,  MSN 

Basil  A.  Pruitt,  Jr.,  MD,  Colonel,  MC 


Fungal  burn  wound  infection  is  currently  the  most  common  type 
of  burn  wound  infection  at  this  Institute.  Filamentous  fungi,  such 
as  Aspergillus,  are  the  most  common  organisms  associated  with 
invasive  burn  wound  infection.  Because  of  the  success  of  rodent 
models  of  bacterial  burn  wound  infection  in  laboratory 
investigations,  it  would  be  desirable  to  have  a  similar  model  of 
fungal  burn  wound  infection.  Previous  studies  of  fungal  burn  wound 
infections  in  rodents  have  been  induced  cr  modified  by  various 
types  of  immunosuppression.  It  was  the  purpose  of  this  study  to 
investigate  various  methods  of  immunologic  manipulation  to  develop 
a  reliable  model  of  fungal  burn  wound  infection  in  small  rodents. 

Studies  were  conducted  in  rats  and  Beige  mice  (these  rodents 
having  a  T-cel.l  defect)  .  Burn  injury  and  postburn  wound 
inoculation  with  fungus  failed  to  yield  a  satisfactory  and  reliable 
burn  wound  infection  in  any  of  the  study  groups  despite  multiple 
methods  of  altering  immune  function,  including  methods  successfully 
used  by  other  investigators  to  induce  other  types  of  fungal 
infections  in  these  species.  It  was  determined  that  small  rodents 
are  resistant  to  fungal  burn  wound  infection  and  that  further  model 
development  should  be  conducted  using  other  species. 
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DEVELOPMENT  OF  AN  ASPERGILLUS  RAT  BURN  WOUND 
INFECTION  MODEL  -  A  PILOT  STUDY 


Fungal  burn  wound  infection  has  replaced  bacterial  burn  wound 
infection  as  the  most  common  type  of  infectious  burn  complication 
seen  in  patients  admitted  to  this  Institute  (1)  .  Aspergillus 
species  are  the  most  common  organisms  involved  in  fungal  burn  wound 
infection.  Treatment  of  fungal  burn  wound  infection  involves 
surgical  debridement  of  involved  areas.  Topical  and  systemic 
antifungal  chemotherapies  are  also  used,  but  there  is  little 
objective  data  to  support  the  efficacy  of  these  treatments. 

The  development  of  animal  models  of  bacterial  burn  wound 
infection  has  been  quite  useful  in  the  development  of  effective 
treatment  strategies  in  the  management  of  this  wound  complication. 
It  would  be  desirable  to  develop  a  small  animal  model  of  fungal 
burn  wound  infection  so  that  various  treatments  could  be  tested  in 
a  laboratory  setting.  Previous  work  at  this  Institute  demonstrated 
inconsistent  response  of  rats  to  experimental  fungal  burn  wound 
infection,  which  has  limited  the  usefulness  of  this  model  (2,3). 
In  other  types  of  experimental  fungal  infection  induced  in  small 
rodents,  immunosuppression  by  various  methods  has  been  extremely 
useful  in  providing  a  more  reliable  and  consistent  model  (4,5)  .  It 
was  the  purpose  of  this  study  to  attempt  to  use  these  methods  in  an 
attempt  to  develop  a  more  reliable  model  of  fungal  burn  wound 
infection  in  small  rodents. 

MATERIALS  AND  METHODS 


Study  Design. 

Phase  I.  Sprague-Dawley  rats  were  randomized  to  one  of 
four  groups.  Group  1  served  as  the  control  group.  These  animals 
received  20%  total  body  surface  area  full-thickness  scald  burns 
only.  Animals  in  Group  2  were  administered  streptozocin  10  days 
prior  to  burn  injury  to  induce  a  diabetic  state.  Animals  in  Group 
3  received  cortisone  acetate  24  h  prior  to  burn  injury.  Animals  in 
Group  4  received  cyclosporine  24  h  prior  to  burn  injury  and 
continuing  for  5  days.  Animals  in  each  group  were  further 
randomized  into  four  subgroups.  Animals  in  Groups  1A,  2A,  3A,  and 
4A  received  burn  injury  only.  Animals  in  Groups  IB,  2B,  3B,  and  4B 
received  burn  injury  following  by  immediate  inoculation  with  106 
Aspergillus  flavus.  Animals  in  Groups  1C,  2C,  3C,  and  4C  received 
burn  injury  followed  by  inoculation  at  24  h.  Finally,  animals  in 
Groups  ID,  2D,  3D,  and  4D  were  administered  burn  injury  following 
by  inoculation  at  48  h.  Animals  were  followed  for  15  days. 

Phase  II.  Sprague-Dawley  rats  were  randomized  to  one  of 
six  groups.  All  animals  were  administered  a  20%  total  body  surface 
area  full-thickness  scald  burn  followed  by  burn  wound  excision. 
Split-thickness  skin  grafts  were  taken  from  the  abdomen  of  donor 


animals  and  transplanted  to  the  open  wound  of  recipient  animals. 
Animals  in  Group  1  received  burn  injury  and  excision  only.  Animals 
in  Group  2  were  inoculated  with  102  fungus  just  prior  to  placing 
the  skin  graft.  Group  3  with  103  fungus,  Group  4  with  104  fungus. 
Group  5  with  103  fungus,  and  Group  6  with  106  fungus.  Animals  were 
followed  for  15  days. 

Phase  III.  Sprague-Dawiey  rats  were  randomized  to  one  of 
six  groups  as  indicated  for  Phase  II.  Animals  were  further 
randomized  to  one  of  5  subgroups.  Animals  in  Subgroup  A  were 
treated  with  dry  dressings.  Animals  in  Subgroup  B  had  saline 
applied  to  the  dressing  twice  daily  for  15  days,  C  received  5% 
mafenide  acetate  solution,  D  received  1%  amphotericin  B,  and  E 
received  Dakin's  solution.  Animals  were  followed  for  15  days. 

Phase  IV.  Beige  mice  received  20%  total  body  surface  area 
full-thickness  scald  burns.  The  burn  wounds  were  inoculated  with 
10°  cfu  Aspergillus  flavus.  ■  These  animals  were  followed  for  3 
weeks . 

Description  of  Procedures.  Two  hundred  and  eighty  male 
Sprague-Dawiey  rats  weighing  ±  350  g  and  30  Beige  (C56Bl/6/bgJ/bgJ) 
mice  were  anesthetized  with  sodium  pentobarbital  (35  mg/kg  IP) 
administered  through  a  25-ga  needle.  The  dorsal  area  was  shaved 
and  the  animals  placed  in  an  asbestos-coated  template  which  exposed 
30t  (rats)  or  20%  (mice)  cf  the  total  body  surface  area.  The 
template  was  immersed  in  lOCTC  water  for  10  sec  to  produce  a  30% 
total  body  surface  area  full-thickness  scald  burn  (rats)  or  in  80°C 
water  for  10  sec  to  produce  a  20%  total  body  surface  area 
full-thickness  scald  burn  (mice) . 

Phas«  I.  In  each  of  four  groups,  10  animals  served  as 
cont rol3.  and  10  animals  each  were  inoculated  by  painting  the  wound 
with  1 01'  Aspergillus  flavus  immediately,  at  24  h,  or  48  h, 
respectively.  Burn  injury  and  inoculation  for  all  groups  were 
identical.  Group  1  (n-40)  served  as  the  control  group.  Group  2 
animals  (n*»4C)  received  an  injection  of  streptozocin  (50  mg/kg  IP) 
10  days  prior  to  burn  injury.  Hyperglycemia  was  confirmed  on  the 
day  of  burn  injury.  Group  3  animals  (n=40)  received  cortisone  (5 
mg  SC)  24  h  prior  to  burn  injury  and  Group  4  animals  ( n=40 ) 
received  cyclosporine  <10  mg/kg  IP)  daily  for  5  days  beginning  24 
h  prior  to  burn  injury.  Upon  completion  of  the  burn  injury,  the 
animals  were  placed  back  in  their  cages  and  allowed  to  recover  from 
anesthesia  without  resuscitation.  They  were  allowed  food  and  water 
ad  libitum.  Animals  were  followed  for  15  days,  at  which  time  any 
survivors  were  sacrificed  with  sodium  pentobarbital  (60  my/kg  IP) 
administered  through  a  25-ga  needle.  All  animals  underwent 
necropsy  and  histopathologic  examination  and  culture  of  wound 
specimens,  either  at  the  time  of  death  or  sacrifice.  Animals  were 
also  selectively  biopsied  for  culture  and  microscopic  examination 
based  on  wound  appearance.  Results  of  wound  appearance,  mortality, 


556 


wound  culture,  and  histopathology  and  any  evidence  of  disseminated 
infection  were  recorded. 

Phase  II.  Fol  each  of  the  six  groups,  a  uniform  wound  was 
excised  to  the  level  of  the  fascia  after  burn  injury. 
Split-thickness  skin  grafts  were  taken  at  a  depth  of  89/1000  of  an 
inch  from  the  abdomen  of  donor  animals  (n=30)  and  meshed  in  a  ratio 
of  1.5:1.  The  mesh  grafts  were  then  transplanted  to  the  open 
wounds  of  recipient  animals  (n=30)  and  secured  with  sutures  and 
surgical  staples.  Animals  in  Group  1  (n=5)  received  burn  injury 
and  excision  only.  Animals  in  Group  2  (n=5)  were  inoculated  with 
10£  fungus  just  prior  to  placing  the  skin  graft.  Group  3  (n=5)  with 
103  fungus,  Group  4  (n=5)  with  10^  fungus,  Group  5  (n=5)  with  10s 
fungus,  and  Group  6  (n=5)  with  10°  fungus.  An  occlusive  surgical 
dressing  was  then  fashioned  over  the  graft.  Animals  were  returned 
to  their  cages  and  offered  food  and  water  ad  libitum.  On 
postoperative  day  7,  the  surgical  dressings  were  removed  and  the 
appearance  of  the  grafted  tissue  was  recorded.  Animals  were 
observed  through  postoperative  day  15,  at  which  time  all  surviving 
animals  were  sacrificed  with  sodium  pentobarbital  (60  mg/kg  IP) 
administered  through  a  25-ga  needle.  Samples  were  obtained  from 
the  wounds  for  microbiologic  and  microscopic  examination. 

Phase  III.  The  procedure  of  skin  grafting  was  identical  to 
that  for  Phase  II.  Following  inoculation  with  fungus  and  placement 
of  the  surgical  dressing,  animals  were  randomized  to  one  of  five 
subgroups.  Animals  in  Subgroup  A  had  dry  dressings  applied  to  the 
wound  throughout  the  study.  The  surgical  dressings  for  animals  in 
Subgroups  B,  C,  D,  and  E  were  soaked  twice  daily  with  saline,  51 
mafenide  acetate,  1%  amphotericin  B,  or  Dakin's  solution, 
respectively.  Follow-up  and  examination  of  the  wounds  was 
identical  to  that  for  Phase  II.  A  scoring  system  to  judge  the 
extent  of  graft  infection,  graft  loss,  and  graft  healing  was 
maintained  for  each  animal.  At  the  end  of  15  days,  all  surviving 
animals  were  sacrificed  with  sodium  pentobarbital  (60  mg/kg  IP) 
administered  through  a  25-ga  needle.  Histologic  and  microbiologic 
examination  of  the  wound  was  performed. 

Phase  IV.  Immediately  following  burn  injury,  the  animals 
(n=30)  were  inoculated  with  10”  cfu  Aspergillus  flavus.  Animals 
were  then  returned  to  their  cages  and  offered  food  and  water  ad 
libitum.  These  animals  were  followed  for  3  weeks.  Any  surviving 
animals  were  sacrificed  with  sodium  pentobarbital  (60  mg/kg  IP) 
administered  through  a  25-ga  needle.  Both  survivors  and 
nonsurvivors  underwent  necropsy  and  histologic  examination  of  the 
burn  . 


Determination  of  Number  of  Animals  Required.  Two  hundred  and 
eighty  Sprague-Dawley  rats  and  60  Beige  mice  were  necessary  for 
this  study.  Since  this  was  a  pilot  study,  the  number  of  animals 
requested  was  based  upon  an  estimate  of  the  number  of  animals  per 
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group  required  to  detect  a  large  response  within  each  treatment 
group . 

Safety  Considerations  for  Biohazards.  All  animals  were  kept  in 
filter-top  cages  to  prevent  dissemination  of  the  wound  inoculation. 
All  personnel  handling  either  the  animals  or  the  inoculum  were 
required  to  wear  caps,  masks,  gloves,  and  protective  eye  gear. 

RESULTS 

Burn  infection  with  fungi  was  observed  in  <  5%  of  all  animals 
and  immunologic  manipulations  did  not  appear  to  be  effective  in 
promoting  the  development  of  fungal  burn  wound  infection.  Surface 
colonization  of  the  wound  was  common  and  the  inoculated  organism 
could  be  recovered  from  the  wound  by  culture,  indicating  that  the 
organism  was  present  on  the  wound  but  was  not  able  to  invade  normal 
tissue  below  or  adjacent  to  the  burn  injury.  Biochemical  studies 
demonstrated  the  interventions  utilized  were  effective,  i.e., 
elevated  blood  glucose  was  noted  in  the  streptozocin  groups  and 
plasma  cyclosporine  levels  were  measured  in  that  group  and  observed 
to  be  in  the  range  predicted  for  the  dose.  Also,  renal  function 
was  adversely  affected  by  dose  of  cyclosporine  utilized.  Similar 
findings  were  noted  in  studies  using  the  Beige  mouse,  with  this 
species  being  equally  resistant  to  fungal  burn  wound  infection. 

DISCUSSION 

It  would  appear,  in  contrast  to  bacterial  burn  wound  infection, 
that  small  rodents  are  extremely  resistant  to  the  development  of 
fungal  burn  wound  infection.  Even  the  use  of  fairly  severe 
techniques  to  immunosuppress  the  animals  were  unable  to 
siqnificantly  modify  the  response  to  the  fungal  inoculum.  The 
development  of  fungal  burn  wound  infection  was  so  rare  in  this 
study  that  further  attempts  to  develop  this  model  in  these  species 
seems  unwarranted  and  model  development  will  need  to  proceed  using 
another  species.  It  is  difficult  to  explain  this  resistance; 
however,  the  pathogenesis  of  fungal  burn  infection  in  pacients  does 
appear  to  differ  greatly  from  that  associated  with  bacterial  burn 
wound  infection,  which  responds  well  to  the  use  of  topical 
chemotherapeutic  agents  and  isolation  techniques. 

PRESENTATIONS 

Becker  WK:  Fungal  colonization  of  the  burn  wound.  Presented 
at  the  9th  International  Congress  on  Burn  Injuries,  New  Delhi, 
India,  14  November  1990. 


PUBLICATIONS 

Becker  WK,  Cioffi  WG  Jr,  McManus  AT,  Kim  SH,  McManus  WF,  Mason 
AD,  and  Pruitt  BA  Jr:  Fungal  burn  wound  infection.  A  10-year 
experience.  Arch  Surg  126:44-8,  January  1991. 
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The  loss  of  surfactant  after  smoke  exposure  may  partially 
explain  the  atelectasis  and  marked  instability  of  alveolar  walls 
seen  after  injury.  The  recent  availability  of  synthetic  surfactant 
has  led  to  the  suggestion  that  surfactant  replacement  may  have  a 
therapeutic  effect  in  ARDS.  The  purpose  of  this  study  is  to 
examine  the  effect  of  exogenously  administered  surfactant  on  VA/Q 
changes  seen  after  inhalation  injury  in  an  ovine  model. 
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A  moderate  smoke  inhalation  injury  was  induced  in  the  ovine  | 
model  developed  at  this  Institute.  One  hour  postinjury,  the  t 
animals  were  randomized  to  receive  either  aerosolized  surfactant  or 
surfactant  vehicle  while  remaining  intubated  and  on  mechanical  3 
ventilatory  support.  Animals  were  followed  for  48  h  and  standard  I 
physiologic  measurements  were  made.  % 

| 

Multiple  problems  encountered  during  the  study  greatly  limit  ! 
the  validity  of  findings.  Despite  these  problems,  the  suggestion  * 
of  benefit  of  surfactant  administration  after  smoke  exposure  in  I 
these  animals  indicates  that  further  studies  to  define  the  utility  * 
of  surfactant  replacement  are  necessary.  Before  performing  these  | 
studies,  a  more  refined  and  constant  smoke  exposure  protocol  will  2 
be  necessary,  a  project  which  is  already  underway.  In  addition,  I 
animals  with  abnormal  calculated  shunt  before  smoke  exposure  should  I 
either  be  eliminated  from  the  study  or  observed  for  a  longer  period  t 
of  time  until  the  venous  admixture  returns  to  normal  before  smoke  I 
exposure.  In  order  to  prove  the  benefit  of  surfactant  replacement,  * 
it  is  mandatory  that  the  two  groups  be  as  homogeneous  as  possible  | 
before  smoke  exposure  and  before  the  initiation  of  therapy  at  1  h  I 
after  smoke  exposure.  I 


EFFECT  OF  SURFACTANT  REPLACEMENT  ON  VA/Q 
IN  SHEEP  WITH  INHALATION  INJURY 


The  effect  of  inhalation  injury  on  VA/Q  utilizing  the  multiple 
inert  gas  elimination  technique  (MI GET)  and  cardiopulmonary 
parameters  has  been  well  described  in  an  ovine  model  (1)  .  Moderate 
to  severe  injury  causes  hypoxia,  hypercarbia,  and  a  shift  of  VA/Q 
to  the  left,  i.e.,  increase  in  lung  segments  with  VA/Q  >  0  but  <  1. 
In  addition,  smoke-exposed  animals  show  increased  perfusion  to 
shunt  and  low  VA/Q  lung  segments.  Attempts  to  alter  these 
derangements  with  conventional  ventilation  utilizing  PEEP  resulted 
in  an  increased  dead  space  ventilation  but  had  no  effect  on  shunt 
or  low  Va/Q  compartments  (unpublished  data) . 

It  has  been  previously  shown  in  a  canine  model  that  inhalation 
injury  is  associated  with  a  marked  increase  in  minimum  surface 
tension  from  bronchoalveolar  lavage  samples.  This  indicates  that 
surfactant  is  no  longer  active  or  that  less  surfactant  is  available 
(2)  .  Additionally,  repeated  exposure  of  rats  to  cigarette  smoke  is 
followed  by  a  significant  reduction  in  the  recovery  of  pulmonary 
surfactant.  The  degree  of  reduction  in  surfactant  recovery  was 
dose-dependent  (3) . 

This  loss  of  surfactant  after  smoke  exposure  may  partially 
explain  the  atelectasis  and  marked  instability  of  alveolar  walls 
seen  after  injury.  The  recent  availability  of  synthetic  surfactant 
has  led  to  the  suggestion  that  surfactant  replacement  may  have  a 
therapeutic  effect  in  respiratory  distress  syndromes,  including 
that  caused  by  inhalation  injury.  Severe  respiratory  insufficiency 
induced  by  repeated  lung  lavage  in  the  guinea  pig  model  was 
significantly  reversed  by  the  administration  of  exogenous 
surfactant  (4)  .  Nonrandomized  trials  in  infants  with  neonatal 
respiratory  distress  syndrome  have  shown  increased  compliance  and 
improved  blood  gases  after  surfactant  administration  (5)  .  In  a 
recently  completed  randomized  controlled  trial,  human  surfactant 
was  administered  endotracheally  at  birth  to  very  premature  infants. 
The  surf actant— treated  group  had  significantly  fewer  deaths  than 
the  control  group,  fewer  cases  of  bronchopulmonary  interstitial 
emphysema  and  pneumothoraxes  (6)  .  Prophylactic  treatment  with 
surfactant  also  substantially  reduced  the  period  of  neonatal 
intensive  care.  These  authors  concluded  that  treatment  with  human 
surfactant  offered  promise  for  improving  the  survival  of  very 
premature  infants  and  for  reducing  the  pulmonary  sequelae  of  the 
respiratory  distress  syndrome. 
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MATERIALS  AND  METHODS 

Study  Design.  A  moderate  smoke  inhalation  injury  was  induced 
in  the  ovine  model  developed  at  this  Institute.  One  hour 
postinjury,  the  animals  were  randomized  to  receive  either 
aerosolized  surfactant  (EXOSURF®,  Burroughs  Wellcome  Company, 
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Research  Triangle  Park,  NC)  or  surfactant  vehicle  while  remaining 
intubated  and  on  mechanical  ventilatory  support.  Animals  were 
followed  for  48  h  and  standard  physiologic  measurements  were  made. 

Description  of  Procedures.  Sixteen  neutered  male  sheep 
weighing  25-45  g  were  utilized  for  this  study.  Each  sheep  was 
housed  in  a  conventional  outdoor  run  and  had  access  to  food  and 
water  ad  libitum.  Sheep  were  dewormea  with  injectable  ivermectin 
(IvomecR,  Merck  and  Company,  Rahway,  NJ)  2  weeks  before  use. 
Inhalation  injury  was  induced  using  the  standard  ovine  smoke 
inhalation  model  developed  at  this  Institute.  Sixteen  animals  were 
exposed  to  a  moderate  smoke  injury,  with  a  carboxyhemoglobin  of 
approximately  70%  at  completion  of  the  smoke  exposure. 

On  the  day  of  the  study,  the  animals  were  anesthetized  with 
sodium  pentobarbital  (35  mg/kg  IP) .  A  peripheral  venous  catheter, 
a  central  venous  pressure  catheter,  a  balloon-directed 
thermodilution  pulmonary  artery  catheter  (7F,  American  Edwards 
Company,  Irvine,  CA)  ,  and  a  femoral  artery  catheter  were  placed. 
A  tracheostomy  was  placed  via  a  Moline  neck  incision.  Animals  were 
paralyzed  with  pancuronium  bromide  (0.03-0.04  mg,  Pavulon®,  Organon 
Pharmaceuticals,  West  Orange,  NJ)  .  After  placement  of  all 
catheters,  animals  were  placed  in  the  prone  position  and 
conventional  mechanical  ventilation  was  continued  with  a 
volume-limited  ventilator  (Servo  900C) .  Tidal  volumes  were  set  at 
15  ml/kg  and  respiratory  rate  was  altered  to  maintain  a  PC02  of  25 
torr.  The  animals  were  ventilated  with  an  FI02  of  0.21  and  5  cm  of 
PEEP.  Lactated  Ringer's  was  constantly  infused  at  a  rate  of  1.5 
ml/kg/h.  Central  venous  and  pulmonary  artery  pressures  were 
monitored  with  Statham  P23Db  transducers  (Statham  Instruments, 
Oxnard,  CA)  and  systemic  artery  pressures  with  a  Hewlett-Packard 
I290A  quartz  transducer  (Hewlett-Packard  Company,  Waltham,  MS) . 

Animals  were  allowed  to  awaken  from  anesthesia  and  after  an  1-h 
equilibration  period,  heart  rate,  blood  pressure,  central  venous 
pressure,  pulmonary  artery  pressure,  cardiac  output,  arterial  blood 
gases,  mixed-venous  blood  gases,  and  tidal  volume  were  measured. 
Blood  samples  were  analyzed  immediately  by  GC-MS  (Model  5985, 
Hewlett-Packard) .  After  two  consecutive  measurements  spaced  30  min 
apart  that  were  similar,  the  animals  were  paralyzed  with 
succ inylchol ine  and  exposed  to  7  units  of  smoke  in  an  attempt  to 
yield  a  moderate  injury.  Immediately  after  smoke  exposure, 
arterial  blood  gases  were  obtained  ana  carboxyhemoglobin 
measurements  made.  The  animals  were  allowed  to  awaken  from 
paralysis  and  were  continued  on  conventional  mechanical  ventilatory 
support  as  previously  described. 

The  animals  were  maintained  in  the  awake  tracheostomi zed  state 
on  conventional  ventilatory  support  which  maintained  total 
ventilatory  control  by  keeping  the  arterial  PC02  at  25  torr. 
Arterial  PC02  was  manipulated  by  varying  the  respiratory  rate  while 
keeping  the  tidal  volume  at  15  ml/kg.  One  hour  after  smoke 


564 


exposure,  the  animals  were  randomized  to  receive  aerosolized 
exogenous  synthetic  surfactant  or  0.914N  sodium  chloride  on  a 
continuous  basis.  Every  4  h,  repeat  cardiopulmonary  parameters 
were  measured  over  a  48-h  period.  At  the  end  of  48  h,  the  animals 
were  sacrificed  with  sodium  pentobarbital  (60  mg/kg)  and 
necropsied.  Representative  soctions  of  the  lung  and  trachea  were 
obtained  for  histologic  study. 

RESULTS 

One  animal  aspirated  during  initial  intubation  and  was 
immediately  sacrificed.  In  another  animal,  the  Swan-Ganz  catheter 
could  not  be  placed  through  either  jugular  vein,  thus  making  the 
animal  unsuitable  for  study.  In  yet  another  animal,  malignant 
hyperthermia  occurred  within  30  min  of  smoke  injury,  rendering  the 
animal  unsuitable  for  study.  Thi.rtoen  animals  were  exposed  to  a 
7-unit  3moke  injury  and  randomized  into  the  treatment  protocol. 
Seven  animals  received  surfactant  replacement  and  6  animals 
received  the  sodium  chloride  vehicle  only.  The  carboxyhemoglobin 
levels  of  each  group  immediately  after  smoke  exposure  were  61. 8%  t 
6.8%  for  the  surfactant-treated  group  and  76.3  ±  7.9%  for  the 
saline-treated  group.  Baseline  cardiac  index,  pulmonary  artery 
systolic  pressure,  mean  systemic  blood  pressure,  pulmonary 
capillary  wedge  pressure,  and  arterial  PO^,  were  not  different 
between  the  two  groups.  All  animals  in  both  groups  demonstrated  * 
significant  and  consistent  rise  in  pulmonary  artery  prusauio  over 
the  48-h  study  period.  There  was  no  difference  between  the  two 
groups  in  pulmonary  artery  pressures  at  any  time  point.  Likewise, 
there  was  no  significant  difference  in  mean  systemic  blood 
pressure,  cardiac  index,  or  pulmonary  capillary  wedge  pressure  at 
any  time  point.  Arterial  oxygenation  was  similar  before  smoke 
exposure.  However,  at  1  h  postinjury,  the  saline  group  had 
significantly  lower  arterial  PO?  than  the  surfactant  group  (78.5  ± 
3.7  vs  92.4  ±  4.3  torr) .  By  4  h,  this  trend  had  reversed,  with 
mean  arterial  oxygenation  of  85.0  ±  2.4  torr  for  the  saline  group 
and  86.0  ±  7.0  torr  for  the  surfactant  group.  By  36  h  poatinjury, 
the  saline  group  tended  to  have  lower  arterial  PO^  values  than  the 
surfactant  group,  a  trend  which  continued  to  the  end  ol  the  study 
(48  h)  (Table  1).  Two  animals  in  the  surfactant  group  and  one 
animal  in  the  saline  group  died  before  completion  of  the  48-h  study 
period.  Of  the  animals  which  did  not  survive,  ono  in  ouch  group 
had  an  initial  carboxyhemoglobin  level  >  90%.  In  addition,  one 
animal  in  the  saline  group,  which  had  an  initial  carboxyhemoglobin 
level  <  901,  showed  a  progressive  deteriorating  course  which  was 
markedly  different  front  all  other  animals.  Because  previous  work 
has  shown  that  the  severity  of  inhalation  injury  can  bo  indexed  in 
a  gross  manner  to  the  carboxyhemoglobin  level,  the  data  from  the  3 
animals  with  carboxyhemoglobin  levels  >  90?.  were  removed  and  the 
data  reanalyzed.  This  was  done  in  an  attempt  to  compare  animals 
with  more  similar  injuries. 
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TABLE  1.  Arterial  P02  Values  (Mean  ±  SEM) 


Time 

Poatsmoke 

IhL  ...  _ 

Surfactant 

Group 

No  Surfactant 

P  Value 

36 

59.6  ±  2.9 

48.5  ±  5.7 

0.12 

40 

62.0  ±  8.6 

41.8  ±  2.4 

0.06 

44 

59.2  ±  8.3 

43.8  ±  2.9 

0.1 

48 

62.2  ±  9.1 

42.6  ±  3.7 

0.09 

Exclusion  of  these  3  animals  left  10  animals  for  analysis.  The 
mean  earboxyhemoglobin  level  immediately  after  smoke  exposure  in 
the  smaller  cohort  was  66.3%  t  7.6%  for  the  3aline-treated  group 
and  56.2%  t  4.6%  for  the  surfactant-treated  group.  Baseline 
pulmonary  and  hemodynamic  measurements  were  not  different  between 
tha  two  groups,  with  the  exception  of  venous  admixture  which  was 
slightly  but  significantly  greater  for  the  saline-treated  group 
c<jiup<M.wd  to  the  surfactant-treated  group  4  h  before  injury  and  1  h 
after  injury  (fig  1).  By  4  h  postinjury,  however,  the  calculated 
shunt  was  similar  between  the  two  groups. 

Throughout  the  study  period,  arterial  PC02  tended  to  be  lower 
in  the  surfactant-treated  group  than  the  saline-treated  group 
despite  similar  respiratory  rates  (figs  2  and  3).  The  differences 
in  arterial  PC02  were  significant  at  24  h  postinjury  (P  <  0.05),  a 
time  point  when  minute  ventilation  was  identical  between  the  two 
groups.  However,  this  difference  in  C02  clearance  did  not  hold  for 
tho  remainder  of  the  scudy  period.  Hemodynamic  variables,  to 
include  mean  systemic  blood  pressure,  pulmonary  capillary  wedge 
pressure,  and  pulmonary  artery  systolic  pressure,  were  not 
different  between  the  two  groups  at  any  point  during  the  study 
period  (figs  4-6)  .  Cardiac  index  was  similar  before  smoke 
exposure.  However,  at  1  and  8  h  postinjury,  the  saline-treated 
group  tended  to  have  slightly  higher  cardiac  indices  than  the 
surfactant-treated  group.  This  difference  did  not  hold  for  the 
remainder  of  the  study.  The  marked  hyperdynamic  state  of  the 
sa l i no-t reat ed  animals  returned  to  more  normal  values  that  were 
similar  to  the  surfactant-treated  group  (fig  7).  Pulmonary  artery 
systolic  pressure  rose  in  a  similar  fashion  throughout  the  study 
period  in  both  groups  so  that  a  marked  increase  was  present  during 
the  latter  16  h  of  study  compared  to  preinjury  levels. 

Arterial  oxygenation  declined  significantly  in  both  groups 
throughout  the  study  period  (fig  8) .  Only  at  40,  44,  and  48  h  was 
there  a  suggestion  of  difference  between  the  two  groups,  with  the 
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FIGURE  1.  Calculated  venous  admixture  (%) .  The  early  difference  in  venous  admixture 
at  4  h  before  injury  and  1  h  after  injury  disappeared  during  the  ensuing  32 
h.  At  36  and  40  h  after  injury,  the  saline  group  tended  to  have  higher 
venous  admixtures  than  the  surfactant  group,  although  the  P  value  was 
approximately  0.1.  *P  <  0.05,  +P  <  0.1. 
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FIGURE  3.  Respiratory  rates  (breaths/min) .  There  were  no  statistical  differences  in 
the  respiratory  rate,  and  thus  minute  ventilation,  between  the  two  groups 
for  the* duration  of  the  study. 
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FIGURE  4.  Systemic  blood  pressure  (mmHg) .  Mean  systemic  blood  pressure  was  not 
different  between  the  groups  at  any  time  point. 
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FIGURE  5.  Pulmonary  artery  occlusion  pressure  (mmHg) .  There  were  no  differences  in 
pulmonary  artery  occlusion  pressure  between  the  two  groups  throughout  the 
study  period. 
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FIGURE  6.  Mean  systemic  blood  pressure  (mmHg) .  There  were  no  statistical  differences 
between  the  two  groups  in  pulmonary  artery  systolic  pressure  throughout  the 
study  period.  Both  groups  showed  a  significant  rise  in  pulmonary  artery 
pressure  over  the  course  of  the  study. 


FIGURE  7.  Cardiac  index  (1/min/m2) .  The  saline  group  tended  to  have  a  higher 
index  at  1  and  8  h  after  injury  compared  to  the  surfactant  group, 
from  12-48  h,  there  were  no  differences.  +P  <  0.1. 
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surfactant-treated  group  having  higher  mean  arterial  P02  than  the 
3aline-treated  group  (P  =  0.1).  Calculated  shunt,  although 
slightly  different  between  the  two  groups  at  the  beginning  of  the 
study  period,  was  identical  between  4  and  32  h.  At  36  and  40  h, 
the  saline-treated  group  tended  to  have  higher  calculated  venous 
admixtures  than  the  surfactant-treated  group  (0 . 05  <  P  <  0 . 1) .  By 
44  and  48  h,  this  difference  was  less  apparent. 

DISCUSSION 

Animals  in  both  groups  demonstrated  the  predictable  pulmonary 
and  hemodynamic  responses  to  smoke  inhalation  injury.  The 
pulmonary  artery  hypertension  and  the  decline  in  pulmonary  function 
manifested  by  declining  arterial  oxygenation  and  increasing 
calculated  shunt  was  evident  in  both  groups.  In  addition,  CO; 
clearance  tended  to  decrease,  necessitating  increases  in  minute 
ventilation  in  an  attempt  to  maintain  the  same  arterial  PC02. 
These  data  also  suggest,  but  do  not  prove,  a  potential  benefit  in 
the  surfactant-treated  animals  in  terms  of  arterial  oxygenation  and 
venous  admixture.  However,  multiple  problems  encountered  during 
the  study  greatly  limit  the  validity  of  these  findings.  First, 
although  all  13  animals  were  exposed  to  7  units  of  smoke  in  an 
identical  fashion,  carboxyhemoglobin  levels  varied  significantly 
between  the  animals.  The  carboxyhemoglobin  levels  varied  between 
40%  and  98%.  Although  animals  with  carboxyhemoglobin  levels  >  90% 
were  excluded  from  final  analysis,  the  great  variability  in  initial 
carboxyhemoglobin  levels  indicates  a  lack  of  constancy  in  the  smoke 
exposure,  and  thus,  the  degree  of  insult.  In  addition,  the  finding 
of  a  slight  but  significant  increase  in  calculated  snunt  in  the 
saline-treated  group  compared  to  the  surfactant-treated  group 
before  smoke  exposure  is  another  parameter  indicating  marked 
heterogeneity  in  the  groups.  Despite  these  problems,  the 
suggestion  of  benefit  of  surfactant  administration  after  smoke 
exposure  in  these  animals  indicates  that  further  studies  to  define 
the  utility  of  surfactant  replacement  are  necessary.  Before 
performing  these  studies,  a  more  refined  and  constant  smoke 
exposure  protocol  will  be  necessary,  a  project  which  is  already 
underway.  In  addition,  animals  with  abnormal  calculated  shunt 
before  smoke  exposure  should  either  be  eliminated  from  the  study  or 
observed  for  a  longer  period  of  time  until  the  venous  admixture 
returns  to  normal  before  smoke  exposure.  In  order  to  prove  the 
benefit  of  surfactant  replacement,  it  is  mandatory  that  the  two 
groups  be  as  homogeneous  as  possible  before  smoke  exposure  and 
before  the  initiation  of  therapy  at  1  h  after  smoke  exposure. 

After  refinement  of  the  smoke  exposure  protocol,  3n  addendum  to 
this  protocol  will  be  written  in  an  attempt  to  further  define  the 
efficacy  of  surfactant  replacement  after  smoke  exposure. 
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Alterations  in  intestinal  permeability  have  been  postulated  to 
occur  after  thermal  injury.  We  evaluated  the  status  of  intestinal 
permeability  during  the  first  2  weeks  postburn  in  15  patients  with 
thermal  injury  by  measuring  the  differential  excretion  of  enterally 
administered  lactulose  and  mannitol.  The  mean  age  and  burn  size  of 
these  patients  were  32.7  ±  3.6  yr  and  53.3%  ±  5.1%  of  the  total 
body  surface  area,  respectively.  Ten  healthy  volunteers  were  also 
studied.  The  lactulose-mannitol  excretion  ratio  was  0.159  ±  0.017 
for  burn  patients  and  0.017  ±  0.003  for  control  subjects.  The 
increased  ratio  did  not  correlate  with  burn  size  or  postburn  day. 
Patients  who  developed  significant  clinical  infections  during  the 
first  2  weeks  postburn  had  lactulose-mannitoi  ratios  on  postburn 
day  2  that  were  significantly  higher  than  those  of  control  subjects 
and  patients  who  did  not  develop  infections.  This  suggests  a 
relationship  between  susceptibility  to  infection  and  early 
alterations  in  intestinal  permeability. 
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INTESTINAL  PERMEABILITY  FOLLOWING  THERMAL  INJURY 


Sepsis  and  multiple  organ  failure  contribute  significantly  to 
morbidity  and  mortality  after  thermal  injury.  In  recent  years,  the 
gastrointestinal  tract  has  been  implicated  in  the  development  of 
multiple  organ  failure.  It  has  been  proposed  that  enteric 
organisms,  or  their  toxins,  translocate  across  the  intestinal 
mucosa,  enter  the  systemic  circulation,  and  contribute  either 
directly  or  indirectly  to  the  development  of  the  hypermetabolic  and 
catabolic  responses  associated  with  injury  and  sepsis. 

Berg  (1)  has  defined  bacterial  translocation  as  the  passage  of 
viable  bacteria  from  the  gastrointestinal  tract  to  the  mesenteric 
lymph  nodes  and  other  organs.  Conditions  which  promote 
translocation  include  alteration  of  the  indigenous  gastrointestinal 
microflora  leading  to  bacterial  overgrowth,  impaired  host-immune 
defenses,  and  physical  disruption  of  the  gut  mucosal  barrier  (2). 
Thermally  injured  patients  may  manifest  all  of  these  conditions 
during  the  course  of  their  illness.  Maejima  et  al  (3)  documented 
bacterial  translocation  within  2  days  after  injury  in  a  rat  model 
of  thermal  injury.  Ziegler  et  al  (4),  utilizing  the 
lactulose/mannitol  clearance  assay,  reported  a  threefold  increase 
in  intestinal  permeability  to  lactulose  in  infected  thermally 
injured  patients  but  no  alteration  in  permeability  in  uninfected 
burned  patients.  Patients  in  this  study  were  examined  on  the 
average  of  15-18  days  after  injury.  However,  those  authors  could 
not  define  whether  the  increased  intestinal  permeability  was 
secondary  to  an  infection  superimposed  upon  the  thermal  injury  or 
whether  the  infection  was  a  result  of  altered  intestinal 
permeability  in  the  early  postburn  period. 

In  an  attempt  to  define  the  temporal  pattern  of  intestinal 
permeability  changes  in  thermally  injured  patients  with  more 
precision,  we  measured  the  lactulose/mannitol  clearance  in  15 
patients  with  thermal  every  48  h  for  the  first  2  weeks  postinjury. 

MATERIALS  AND  METHODS 

Study  Population.  Fifteen  patients  with  burns  >  20%  of  the 
total  body  surface  area  admitted  to  the  US  Army  Institute  of 
Surgical  Research  within  24  h  of  injury  during  the  period  8  April 
1990  through  23  August  1990  were  enrolled  in  this  study.  These 
natients  had  no  evidence  of  preexisting  renal  dysfunction, 
gastrointestinal  disease,  chronic  alcohol  abuse,  or  diabetes 
mellitus.  Ten  healthy  volunteers  served  as  normal  controls.  These 
control  subjects  wore  healthy,  without  any  history  of  recent  or 
remote  gastrointestinal,  cardiovascular,  or  renal  disease,  and  none 
were  taking  medication  at  the  time  of  study. 

Burn  patients  and  control  subjects  were  studied  beginning  at 
0800  hours.  Patients  were  studied  on  postburn  days  2,  4,  6,  8,  10, 
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and  12.  Control  subjects  were  studied  on  2  consecutive  days. 
Control  subjects  and  patients  who  were  on  an  enteral  oral  diet  were 
fasted  for  6  h  before  study.  Continuous  small-bowel  enteral 
feedings  were  continued  in  those  patients  in  whom  this  therapy  was 
employed.  Before  administration  of  the  test  solution,  the  urinary 
bladder  was  emptied  in  all  subjects. 

Study  Design.  Intestinal  permeability  was  assessed  on  postburn 
days  2,  4,  6,  8,  10,  and  12  by  simultaneous  enteral  administration 
of  two  different  molecular  weight  sugars,  mannitol  and  lactulose. 
On  the  day  of  study,  a  test  solution  consisting  of  10  g  lactulose 
and  5  g  mannitol  mixed  in  60  ml  distilled  water  was  instilled  via 
the  patient's  nasogastric  tube  or,  in  the  case  of  control  subjects 
and  patients  without  nasogastric  tubes,  was  orally  administered. 
All  urine  was  then  collected  for  a  6-h  period  and  refrigerated.  At 
the  completion  of  collection,  the  urine  was  divided  into  aliquots 
and  frozen  at  -20°C  before  analysis. 

Lactulose  and  Mannitol  Assay.  Urinary  lactulose  and  mannitol 
concentration  were  simultaneously  determined  using  GLC .  This 
analytic  method  was  employed  because  urine  from  thermally  injured 
patients  contains  multiple  fluorescent  substances  which  interfere 
with  the  enzymatic  assays  usually  employed  for  mannitol  and 
lactulose  measurement.  We  have  previously  reported  the  application 
of  GLC  for  the  measurement  of  these  simple  sugars  (5) .  In  brief, 
small  diluted  aliquots  of  urine  were  dried  under  nitrogen  in  a 
heating  block  at  75°C.  After  cooling,  100  JJ.1  of  an  oxime  solution 
was  added  to  convert  the  sugars  to  oximes  before  analysis.  After 
30  min  incubation  at  75°C,  the  samples  were  allowed  to  cool  and  100 
pi  trimethylsilyl  imidazole  derivatizing  reagent  was  added, 
followed  by  a  15-min  incubation  period  at  75°C.  Two  microliters  of 
the  prepared  sample  were  then  injected  into  a  DB-5  capillary  column 
(ID  =  15  M  X  0.53  MM)  installed  in  a  GLC  (Model  5859,  Series  II, 
Hewlett-Packard,  Atlanta,  GA) .  Injection  temperature  was  set  at 
220CC  with  a  detection  temperature  of  300°C  and  a  flow  rate  of 
9 . 7-9 . 9  ml /min . 

Chromatographs  of  standard  solutions  containing  mannitol  and 
lactulose  were  run  daily.  Linearity  of  the  standard  curves  for 
mannitol  and  lactulose  was  demonstrated.  The  minim  detectable 
concentrations  for  mannitol  and  lactulose  in  the  un.  a  w.-re  5 
nmol/1  and  1  nmol/1,  respectively.  Urine  samples  were  rr.’Linely 
spiked  with  mannitol  and  lactulose  and  recovery  data  indicated  the 
accuracy  of  the  assay.  The  test  results  were  then  expressed  as 
milligrams  of  mannitol  and  lactulose  excreted  per  6-h  period. 

The  amount  of  each  sugar  excreted  in  the  urine  over  6  h  was 
then  converted  to  a  percentage  of  the  amount  of  the  sugar  that  had 
been  enteraliy  administered.  The  fraction  of  lactulose  excreted 
was  then  indexed  to  mannitol  excretion  by  dividing  the  lactulose 
excretion  fraction  by  the  mannitol  excretion  fraction  yielding  a 
permeability  index  (L/M  ratio) . 
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Statistical  Analysis.  Statistical  analysis  was  carried  out 
using  the  BMDP  Statistical  Program  package.  Unpaired  t  tests, 
ANOVA,  and  linear  regression  analyses  were  used  as  indicated. 
Differences  were  considered  significant  at  P  <  0.05.  All  values 
are  expressed  as  the  mean  ±  SEM  unless  otherwise  specified. 

RESULTS 

Demographics  for  burn  patients  and  control  subjects  are 
presented  in  Table  1.  Patients  and  control  subjects  excreted  9.2% 
and  10.3%  of  the  mannitol  administered,  respectively.  Overall,  the 
patients  excreted  a  mean  of  0.96%,  or  96.3  mg,  of  the  lactuloso 
administered.  Control  subjects  excreted  a  mean  of  0.14%,  or  13.8 
mg,  of  lactulose.  The  mean  L/M  ratios  for  the  patients  and  control 
subjects  were  0.159  ±  0.017  and  0.017  t  0.003,  respectively  (P  < 
0.001).  There  was  no  statistical  difference  in  mannitol  excretion 
between  the  two  groups. 


TABLE  1.  Demographic  Data  for  Study  Population  (Mean  t  SLM) 


Burn  Patients 

Control  Subjects 

n«° 

15 

1  0 

Mean  age  (yr) 

32.7  t  3.6 

25. t  ±  1.9 

Sex  (M/F) 

13/2 

8/2 

Inhalation  injury  (number) 

10 

- 

Burn  size  (%  of  total  body 
surface  area) 

53.5  1  5.1 

- 

Nonsurvivors  (number) 

2 

- 

There  was  no  correlation  between  the  magnitude  of  increased 
intestinal  permeability  and  burn  size  for  the  entire  patient  group 
(r  <  0.1)  ,  Additionally,  there  was  no  correlation  between  pootburn 
day  and  increased  intestinal  permeability  for  the  patient  group  as 
a  whole,  or  lor  patients  individually  (r  0.1).  On  each  postburn 
day  of  study,  the  L/M  ratio  was  significantly  higher  fur  patients 
than  for  control  subjects.  There  was  no  difference  in  the  L/M 
ratio  for  patients  with  inhalation  injury  compared  to  those  without 
such  in  |ur y  . 


During  the  2-week  study  period,  there  were  13  diagnosed 
infections  in  9  patients,  consisting  of  b  casus  of  pneumonia,  2  of 
bar-tarornJ  a,  7  of  wound  col  1  ul  if  ides,  2  of  fr  achoobr  onclil  tides,  and 


1  of  urinary  tract  infection.  The  mean  burn  size  for  uninfected 
and  infected  patients  was  52.7%  and  53.7%  of  the  total  body  surface 
area,  respect ivoly ,  The  postburn  days  on  which  infections  wore 
diagnosed  are  depicted  in  Figure  l.  No  infection  was  clinically 
evident  before  postburn  day  4.  The  L/M  ratio  for  the  entire  study 
period  for  control  subjects,  noninfectod  patients,  and  infected 
patients  were  0.017  t  0.003,  0.082  ±  0.02,  and  0.208  ±  0.02, 
respectively.  The  L/M  ratio  of  the  infected  burn  patients  was 
sig  nificantly  greater  than  the  noninfected  patients  and  normal 
control  subjects  (P  <  0.01).  There  was  no  statistically 
significant  difference  between  the  noninfected  patients  and  the 
control  subject  ratios.  In  an  attempt  to  define  whether  or  not  the 
increased  permeability  occurred  before  or  after  the  infection,  tho 
L/M  ratio  was  examined  on  postburn  day  2,  which  was  before  the 
infection  episodo  in  any  pationt  in  whom  an  infection  was 
diagnosed,  Tho  moan  L/M  ratios  for  control  subjects,  noninfected 
patients,  and  infected  patients  were  0.017  ±  0.003,  0.044  ±  0.01, 
and  0.153  1  0.04,  respectively.  Once  again,  tho  patients  who 
ultimately  developed  infections  had  a  mean  L/M  ratio  which  was 
significantly  greater  than  the  noninfected  patients  and  the  control 
eubjocts  (P  <  0.01,  ANQVA) .  The  L/M  ratio  for  patients  who 
ultimately  did  not  bocomo  infected  during  the  first  2  weeks 
poat.burn  and  that  of  tho  control  subjects  did  not  differ 
significantly. 

DISCUSSION 

Altered  intestinal  permeability  has  been  documented  in  many 
clinical  states  to  includo  celiac  disease,  Crohn's  disease,  and 
other  intestinal  mucosal  disorders  (6-7).  Recently,  it  has  been 
proposed  that  alterations  in  intestinal  permeability  may  contribute 
to  the  hypormetabolic  response  after  injury  and  to  subsequent 
development  of  infection.  To  assess  whether  intestinal 
permeability  is  altered  after  thermal  injury,  we  utilized  two 
unrnetabol  i  zed  low  molecular  weight  sugars;  lactulose,  a 
di  oocchar  idu  with  a  molecular  weight  of  342,  and  mannitol,  a 
monosacchat i do  with  a  molecular  weight  of  182,  Normally,  lactulose 
is  poorly  absorbed  enter  ally,  When  absorbed,  these  sugars 
passively  cross  the  gut,  enter  tho  circulation,  remain 
unmet abol l zed,  and  are  excreted  by  the  kidney.  Mannitol  is 
reported  to  bo  absorbed  via  a  transcollular  pathway  through  aqueous 
porei  in  the  nail  membrane.  Normally,  10-20%  of  an  enteral  load  is 
absorbed.  Lactulose,  on  the  other  hand,  is  larger  and  its 
absorption  occurs  via  pericellular  pathways  across  damaged  tight 
junctions.  Normally,  lactulose  is  poorly  absorbed  enteraliy. 
Mucosal  damage  leading  to  altorod  intestinal  permeability  has  a 
greater  effect  upon  lactulose  absorption  and  subsequent  renal 
excretion  than  uri  mannitol.  Factors  other  than  permeability  may 
influence  the  absorption  and  subsequent,  excretion  of  both  sugars. 
These  include  gastric  emptying,  intestinal  transit  time,  mucosal 
surface  aroa,  cardiac  output.,  and  renal  function.  Since  these 
factor*  at  loot  each  sugar  equally,  indexing  excretion  of  one  to  the 
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FIGURE  1.  Postburn  day  that  each  infection  was  clinically  diagnosed  is  presented. 

infection  was  clinically  obvious  before  postburn  day  4  with  69% 
infections  diagnosed  during  the  second  week  postburn. 


other  controls  for  these  factors  unrelated  to  intestinal 
permeability . 

We  documented  a  10-fold  increase  in  intestinal  permeability  as 
measured  by  the  L/M  ratio  in  thermally  injured  patients  during  the 
first  2  weeks  postburn.  The  increased  ratio  did  not  correlate  with 
postburn  day  or  burn  size.  Deitch  (8)  recently  reporter  a 
threefold  increase  in  intestinal  permeability  in  thermally  injured 
patients  during  the  first  24  h  postinjury  utilizing  the  L/M  ratio. 
The  significantly  larger  increase  in  intestinal  permeability 
documented  in  our  patients  may  be  explained  by  the  methods  used  for 
analysis  of  urinary  lactulose  and  mannitol  concentrations.  We 
employed  GLC  to  measure  urinary  lactulose  and  mannitol 
concentrations  simultaneously.  Previous  work  utilized  the 
enzymatic  method  of  Behrens  et  al  (9)  to  measure  lactulose  content. 
Our  laboratory,  as  well  as  others,  have  found  that  urine  from 
patients  with  severe  burns  frequently  contains  multiple  fluorescent 
substances  which  interfere  with  enzyme  assays  of  lactulose  content. 

Only  one  previous  study  has  addressed  the  relationship  between 
altered  intestinal  permeability  and  infection  in  thermally  injured 
patients.  Ziegler  et  al  (4),  who  studied  patients  2  weeks  after 
injury  utilizing  the  L/M  ratio  noted  that  only  infected  burn 
patients  had  altered  permeability.  However,  due  to  the  design  of 
the  study,  no  data  were  available  for  the  first  week  postburn  or 
for  the  time  period  immediately  preceding  the  infection  episode. 
Our  data  showed  a  significant  increase  in  permeability  occurring  on 
postburn  day  2,  before  infection,  in  those  patients  who  ultimately 
became  infected.  On  postburn  day  2,  uninfected  patients  had  a 
permeability  index  which  was  not  different  from  control  subjects. 
Although  in  the  subsequent  time  period,  the  L/M  ratio  increased  in 
this  population,  it  still  was  not  statistically  different  from  the 
control  subjects.  Whether  this  represents  a  Type  II  error  cannot 
be  discerned  from  our  data,  but  the  mean  L/M  ratio  of  the  group 
remained  statistically  less  than  the  infected  group.  Our  finding 
of  increased  intestinal  permeability  before  the  episode  of 
infection  suggest,  but  do  not  prove,  a  causal  relationship.  Six  of 
the  13  infections  were  caused  by  enteric  organisms.  4  by  Klebsiella 
species  and  2  by  Enterobacter  species.  The  remaining  infections 
were  caused  by  Gram-positive  organisms  and  other  nonenteric 
Gram-negatives  such  as  Serratia  and  Pseudomonas  species. 

The  cause  of  the  altered  intestinal  permeability  in  our 
patients  who  ultimately  became  infected  remains  unclear.  Several 
hypotheses  exist  which  may  help  explain  this  finding.  It  has  been 
well  documented  in  a  canine  model  that  intestinal  mucosal  blood 
flow  is  markedly  decreased  after  thermal  injury.  At  1  h 
pcstinjury,  Asch  et  al  (10),  using  microspheie  techniques,  reported 
that  mucosal  flow  was  40%  of  preinjury  levels  and  returned  to  70% 
of  preinjury  levels  by  4  h  after  injury  and  fluid  resuscitation. 
Thus,  the  early  increase  in  intestinal  permeability  documented  by 
Deitch  (8)  and  this  study  may  be  explained  on  the  basis  of  an 
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ischemia-reperfusion  injury.  Why  only  some  of  the  patients 
developed  this  abnormality  may  be  related  to  their  resuscitation. 
Eight  patients,  all  of  whom  developed  an  infection,  were  admitted 
approximately  24  h  after  injury.  Detailed  records  of  the 
resuscitation  were  not  available  for  3  patients,  but  4  had  a  4-h 
delay  in  resuscitation.  The  one  remaining  patient  who  developed  an 
infection  was  transferred  to  our  unit  12  h  after  injury  and 
underwent  a  relatively  uneventful  resuscitation. 

Winchurch  et  al  (11)  have  noted  a  temporal  relationship  between 
systemic  endotoxin  levels  and  postburn  day,  with  peak  endotoxin 
levels  measured  on  postburn  days  3  and  4.  Although  there  is  a 
positive  correlation  between  burn  size  and  endotoxemia,  not  every 
burn  patient  develops  endotoxemia  during  the  postburn  course.  It 
is  possible  that  a  periresuscitation  ischemia/reperfusion  injury 
may  result  in  endotoxemia  only  in  those  patients  who  develop 
significant  alterations  in  intestinal  permeability.  Endotoxin  has 
been  shown  to  alter  intestinal  permeability  in  healthy  laboratory 
controls  and  laboratory  animals  (12,13).  The  possibility  exists 
that  the  sustained  elevation  in  intestinal  permeability  may  be 
secondary  to  the  effects  of  endotoxin.  Navaratnam  et  al  (14)  have 
evaluated  the  hemodynamic  effects  of  endotoxin  on  the 
gastrointestinal  tract.  Using  an  ovine  model,  they  reported  that 
endotoxin  increased  mesenteric  vascular  resistance,  resulting  in  a 
more  than  50%  reduction  in  mesenteric  blood  flow.  Sheep  receiving 
endotoxin  had  an  100%  incidence  of  bacterial  translocation  to 
mesenteric  lymph  nodes,  while  only  15%  of  sheep  not  receiving 
endotoxin  had  similar  findings.  The  exact  mechanism  by  which 
endotoxin  promoted  increased  intestinal  permeability  in  these 
animals  has  not  been  elucidated.  It  appears,  however,  that 
ischemia/reperfusion  injury  may  play  a  central  role. 
Endotoxin-treated  mice  have  been  shewn  to  ^ave  increased  intestinal 
mucosal  activities  of  xanthine  oxidase  and  dehydrogenase  after 
exposure.  Inhibition  of  xanthine  oxidase  with  allopurinol  and 
inactivation  with  a  tungsten  diet  has  been  shown  to  inhibit 
endotoxin-induced  bacterial  translocation  (15,16). 

We  have  clearly  demonstrated  an  increase  in  intestinal 
permeability  to  lactulose  in  a  subset  of  thermally  injured  patients 
who  subsequently  developed  an  infection  during  their  first  2  weeks 
postburn.  It  is  not  possible,  from  this  data,  to  confirm  a  causal 
relationship,  although  these  data  suggest  one.  Recently  Deitch  et 
al  (17)  have  reported  that  bacterial  translocation  from  the  gut 
results  in  significant  impairment  of  systemic  immunity.  This 
impaired  systemic  immunity  was  characterized  by  a  decreased 
mitogenic  response  of  lymphocytes  isolated  from  mice  who  were 
monoassociated  with  the  Escherichia  coli  C25.  In  addition,  the 
monoassociated  mice  were  less  able  to  control  a  local  injection  of 
Staphylococcus  aureus,  suggesting  that  the  changes  in  mitogen 
responsiveness  may  be  of  biologic  significance.  Thus,  the 
increased  permeability  seen  in  our  patients  early  in  the  postburn 
course  before  an  episode  of  infection  appears  to  be  associated  with 
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the  later  occurrence  of  infection  and  may  even  be  a  contributing 
factor  to  the  increased  susceptibility  to  infection  in  burn 
patients . 
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Considering  the  hypermetabolic  state  of  patients  with  severe 
burns,  it  would  .appear  that  above  normal  supplementation  of 
cieeential  minerals  io  warranted.  However,  little  information  is 
available  to  support  a  rationale  for  aggressive  mineral 
supplementation,  The  present  study  used  the  everted  gut  sacs 
technique  to  determine  the  effect  of  burn  injury  on  zinc  absorption 
in  a  rat  model.  Although  burn  injury  caused  decreased  absorption 
on  days  1  and  4  postinjury,  absorption  reached  normal  levels  by  day 
8,  Dots  are  consistent  with  previous  results  and  the  hypothesis 
that  duriny  burn  injury,  absorption  of  zinc  is  unobstructed  and 
liver  zinc  stores  are  increased  to  insure  adequate  availability  of 
this  important  trace  element. 
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MINERAL  ABSORPTION  AND  METABOLISM  IN  A  BURNED  RAT  MODEL 
USING  THE  EVERTED  GUT  SACS  TECHNIQUE 


Considering  the  hypermetabolic  state  of  patients  with  severe 
burns,  it  would  appear  that  above  normal  supplementation  of 
essential  minerals  is  warranted.  However,  little  objective 
information  is  available  to  support  the  rationale  for  this 
nutritional  supplementation. 

Some  mix  of  parenteral  and  enteral  feeding  modalities  is 
usually  needed  to  meet  the  increased  caloric  requirements  of 
patients  with  major  burn  injuries.  The  goal  is  usually  to  taper 
the  parenteral  nutrition  as  soon  as  practical,  with  a  concomitant 
increase  in  enteral  alimentation.  There  is  a  paucity  of  research 
concerning  the  effect  of  burn  injury  on  gut  absorption  of  essential 
minerals . 

Mochizuki  et  al  (1)  found  that  burn  injury  had  a  detrimental 
effect  on  mucosal  integrity  in  guinea  pigs.  They  were  able  to 
prevent  the  depletion  in  mucosal  integrity  by  immediate  postburn 
enteral  feeding.  Carter  et  al  (2)  have  used  the  everted  gut  sac 
transport  technique  to  show  the  detrimental  effect  of  burn  injury 
on  calcium,  glucose,  and  leucine  transport  24  h  after  burn  injury 
in  a  rat  model. 

This  report  describes  the  results  of  initial  studies  involving 
the  use  of  the  everted  gut  sacs  technique  to  study  zinc  absorption 
during  recovery  from  a  burn  injury  in  a  rat  model. 

MATERIALS  AND  METHODS 

Study  Design.  Sprague-Dawley  rats  were  maintained  for  2  weeks 
on  semipurified  ration  (Ziegler,  Inc.,  PO  Box  95,  Gardners,  PA 
17324)  designed  to  meet  all  known  nutrient  requirements  of  the 
adult  rat.  After  the  2-week  equilibration  period,  the  animals 
received  either  a  30%  full-thickness  scald  or  sham  burn.  On  day  1, 
4,  or  8  after  burn  injury,  the  animals  were  sacrificed  and  the 
small  intestine  was  removed. 

Description  of  Procedures . 

Phase  I.  This  phase  was  designed  to  determine  the  area  of 
maximum  zinc  absorption  along  the  small  intestine.  Four  Lewis  rats 
weighing  ±  250  g  were  anesthetized  and  sacrificed  by 
exsanguination .  The  small  intestine  was  removed  and  placed  in  a 
cold  buffer  (125  mM  NaCl,  10  mM  fructose,  30  mM  TRIS  (ph  7.4  at 
37°C) ,  0 . 5  mM  CaClj,  1.2  mM  MgCl) .  Starting  at  the  pylorus,  four 
lengths  of  small  intestine  measuring  10  cm  were  excised.  Each 
segment  was  everted  by  inserting  a  small  crochet  hook  through  the 
segment  and  pulling  a  suture  through  the  segment.  One  end  was  tied 
off  and  the  segment  everted  by  pulling  the  tied  end  gently  through 
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the  segment.  The  sac  was  filled  with  1  ml  buffer.  A  piece  of 
polyethylene  tubing  with  an  inside  diameter  approximately  the  size 
a  25-ga  needle  was  inserted  into  the  sac  and  immobilized  with  a 
suture.  The  prepared  gut  sac  was  then  inserted  into  a  25-ml 
Erlenmeyer  flask  with  8  ml  of  buffer  containing  1  mM  zinc  and  0.05 
^Ci  65Zn  per  milliliter.  The  flask  was  incubated  at  37°C  for  90 
min  in  a  shaking  water  bath  under  100%  oxygen.  After  incubation, 
contents  of  the  sac  were  removed  by  aspiration  through  the  plastic 
tube  with  a  tuberculin  syringe.  The  volume  removed  was  recorded 
and  expelled  into  a  plastic  test  tube  and  placed  in  a  gamma 
counter.  The  sac  was  placed  on  a  preweighed  plastic  boat  and 
placed  in  vacuum  drying  oven  at  78°C  for  4  h  to  determine  dry 
tissue  weight. 

Phase  II.  After  it  was  determined  which  10-cm  segment  gave 
maximum  zinc  absorption,  18  male  Sprague-Dawley  rats  were  divided 
equally  between  burn  and  sham-burn  groups.  The  dorsal  surface  was 
shaved  and  a  30%  total  body  surface  area  scald  burn  (90°C  for  5 
sec)  or  sham  burn  (37°C)  was  administered.  On  postburn  days  1,  4, 
and  8,  3  animals  from  each  group  were  anesthetized  and  sacrificed 
by  exsanguination .  Sections  of  the  small  intestine  measuring  10  cm 
were  removed  and  prepared  as  described  above. 

Safety  Considerations  for  Biohazards.  Standard  safety 
procedures  as  outlined  in  the  Brooke  Army  Medical  Center  Radiation 
Safety  SOP  were  followed.  All  biological  tissues  contaminated  with 
radioactivity  were  placed  in  appropriate  containers  for  disposal. 

RESULTS 

Phase  I.  Figure  1  demonstrates  zinc  absorption  from  individual 
gut  segments.  Maximum  absorption  occurred  in  the  second  10-cm 
segment.  This  is  in  agreement  with  similar  studies  in  rats 
reported  by  Kowarski  et  al  (3)  .  Maximum  zinc  absorption  occurs  in 
the  upper  portion  of  the  small  intestine. 

Phase  II.  Table  1  demonstrates  zinc  absorption  on  postburn 
days  1,  4,  and  8.  Although  burn  injury  inhibited  zinc  absorption 

on  postburn  days  1  and  4,  by  postburn  day  8,  absorption  was 
comparable  to  control  animals. 

DISCUSSION 

This  is  in  agreement  with  our  earlier  reports  concerning  zinc 
metabolism  in  the  burned  rat  model  (4).  We  analyzed  the  protein 
bound  zinc  in  mucosal  intestinal  and  hepatic  cytosol  fractions, 
using  gel  column  chromatography.  On  postburn  day  10,  there  was  a 
dramatic  increase  in  zinc  bound  to  the  zinc  storage  protein, 
metallothioneine,  in  liver  tissue.  However,  no  increase  in  zinc 
bound  to  metallothioneine  was  seen  in  cytosol  preparations  from 
mucosal  tissue. 
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Cousins  (5)  has  proposed  a  role  for  intestinal  metallothioneine 
in  the  excretion  of  zinc  that  is  in  exceso  of  metabolic 
requirements,  Intestinal  metallothioneine  is  induced  in  response 
to  zinc  loading,  binds  excess  zinc/  and  accumulates  in  the  mucosal 
cells.  Subsequently,  the  zinc  bound  to  metallothioneine  is  lost 
when  cells  are  sloughed  into  the  lumen,  thereby  increasing  fecal 
endogenous  zinc  excretion.  Consistent  with  this  suggested  role  of 
intestinal  metallothioneine,  it  could  be  hypothesized  that  the  lack 
of  an  incroase  in  metallothioneine  binding  of  zinc  in  the 
intestinal  cytosol  of  the  burned  animals  would  ensure  unobstructed 
zinc  absorption  and  decrease  obligatory  loss  of  iecal  zinc.  Our 
earlier  results  (4)  support  this  hypothesis  in  that  total 
endogenous  fecal  excretion  for  10  days  postburn  did  not  differ 
significantly  between  the  burned  and  sham-burned  rats.  The  prosent 
study  showing  a  return  to  normal  absorption  by  postburn  day  8  gives 
further  support  to  the  hypothesis. 

Our  burned  rat  model  is  the  first  reported  instance  of  a 
differential  induction  of  zinc  binding  to  metal lothioneino  in  livor 
and  mucosal  tissue,  Models  using  excess  zinc  or  cadmium  always 
cause  increased  mot al lothioneino  induction  in  both  tissue  types. 
Early  studios  by  Pokatek  and  Evans  (6)  showed  that  intraperl tonoa  1 
injection  of  «  crude  preparation  of  heat-inactivated  loukgcytlc 
endogenous  mediator  in  rats  caused  increased  ebnorptlon  of  ?,  n  in 
liver  tissue.  Leukocytic  endogenous  mediator  has  boon  purified  and 
well  characterized  during  the  past  few  years  and  is  now  known  to  bo 
the  cytokine,  interleukin  1.  Interleukin  1  has  been  shown  to  alter 
meia 1 1 othi onoi no  gene  expression  in  liver  tissue  and  affect  zinc 
metabolism  (7)  ,  burn  injury  is  known  to  cause  elevated  interleukin 
1  levels  in  both  humans  end  animals,  Hempo  et  al  (8)  recently 
reported  that  rat  intestinal  tissue  was  completely  refractory  to 
interleukin  1  induction  of  metallothioneine, 

PRESENTATIONS /PUBLICATIONS 

None . 

REFERENCES 

1.  Mochizuki  M,  Trocki  0,  bornimoni  1,,  et  si:  Mechanism  of 

prevention  of  postburn  hypermetabolism  and  catabolism  by  early 
enteral  feeding.  Ann  Surg  200:297-310,  1984. 

2.  Carter  t.A,  Udall  JN,  Kirkham  SK,  Walker  WA :  Thermal  injury  and 
gastrointestinal  function.  I.  3m*ll  intestinal  nutrient 
absorption  and  UNA  synthesis.  J  U\itn  (Jam  Jiahabll  7:469-74, 
1986, 

3.  Kowarski  s,  ULalr-Stanek  C,  Schachter  D:  Active  transport  of 

zrnc  and  Identification  of  zinc-binding  protein  ir.  rat  jejuna 
mucosa.  Am  J  P/iys/ol  226:401-7,  1  974, 


4.  SMppee  RL,  Mason  AD  Jr,  Burleson  DG:  The  effect  of  burn 

injury  and  zinc  nutriture  on  fecal  endogenous  zinc,  tissue  zinc 
distribution,  and  T-lymphocyte  subset  distribution  using  a 
murine  model.  Proc  Soc  Exp  Biol  Med  189:31-8,  1988. 

5.  Cousins  RJ:  Mechanism  of  zinc  absorption.  In  Clinical 

Biochemical  and  Nutritional  Aspects  of  Trace  Elements .  New 
York:  Alan  R.  Liss,  Inc.,  1982,  pp  117-28. 

6.  Pekarek  RS,  Evans  GW:  Effect  of  leukocytic  endogenous  mediator 
(LEM)  on  zinc  absorption  in  the  rat.  Proc  Soc  Exp  Biol  Med 
152:573-5,  1976. 

7.  Huber  KL,  Cousins  RJ:  Maternal  zinc  deprivation  and 

interleukin-1  influence  metallothionein  gene  expression  and 
zinc  metabolism  of  rats.  J  Nutr  118:1570-6,  1988. 

8.  Hompe  JM,  Carlson  JM,  Cousins  R J :  Intestinal  metallothionein 
gene  expression  and  zinc  absorption  in  rats  are  zinc-responsive 
but  refractory  to  dexamethasone  and  interleukin  la.  J  Nutr  J 
121:1389-96,  1991. 


597 


RESEARCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


3  OATE  PREV 
SUM' AY 


AGENCY  ACCESSION  2  OATE  OF  SUMMARY  lACROAT  CONTROL  SYMBOL 

DA335424  01  Oct  91  1  wmaimjij  eae 


9  LE ViL Of  SUM 
A  WORK  UNIT 


PROGRAM  E  Lfi  ME  NT 

PROJECT  NUMBER 

TASK  AREA  NUMBER 

WORK  UNIT  NUMBER 

61102A 

3M1 6 1 102BS 1 4 

CH 

330 

01  Oct  90 


B.  CONTRIBUTING 


c.  CONTRIBUTING 


u.riJLt  wit*  utanty  rM**fu*tto*  cod**  (U)  Do  nor  -  S  pec  i  f  i  c  Bone  Marrow  and  Anti  thymocyte 


12.  SUBJECT  AREAS 

0604  Anatomy  and  Physiology  0605  Medicine  and  Medical  Research 


13  START  DATE  I  14.  ESTIMATIO  COMPLETION  OATE  I  IB  PERFORMANCE  METHOD 


>T  W-Litil' 
7T77- 


msawgaa 


C.  In-House 


AL  YEARS  *.  PROFESSIONAL  WORK  YEARS  I  to.  FUNDS  (In 


20  ft  AFQAMiNQ  organization 


A  NAME 

US  Army  Institute  of  Surgical  Research 


to  AOORESS 

Fort  Sam  Houston 

San  Antonio,  Texas  78234-5012 


c.  NAME  OF  PRINCIPAL  INVESTIOATOR 

RUE,  L  W 


a  telephone  NUMBER  Unci u4m  com, 

12-771- 


1.  NAME  OF  ASSOCIATE  INVESTIOATOR  Hf  pviIpPMI 


9007  9209 


17.  CONTRACT/QRANT  MJUTARY 


A  DATE  EFFECTIVE 


Cl  CONTRACT/QRANT  NUMBER 


c  TYPE  cl  AMOUNT 


».  CUM/TOTAL 


19  RESPONSIBLE  OOO  ORGANIZATION 


A  NAME 

US  Army  Institute  of  Surgical  Research 


D  AOORESS  OacImAa  Up  to4tt 

Fort  Sam  Houston 

San  Antonio,  Texas  78234-5012 


c.  NAME  OF  RESPONSIBLE  INOIVIOUAu 

PRUITT,  B  A 


<1.  TELEPHONE  NUMBER  (i/tclttd*  «rv«  cods) 

17-771- 


21.  GENERAL  USE 

FIC 

MILITARY, CIVILIAN  APPLICATION : 


33  Ktvwonos iiwcpa. aac« ipihi ip«,niy cip*N/u«n«. co<i«i  (U)  Burns  (Injuries)  ;  (U)  Bone  Marrow; 

“  “  .  '  ‘  is 


33  Technical  OO-JCCTive  34.  APPROACH  25.  PROGRESS  tProttd*  lt*t  of  tmeh  u-ilR  Socwlty  Clmmtficotton  Codti 

23/24.  (U)  The  objectives  of  this  work  are  to  demonstrate  selective 

unresponsiveness  to  skin  allografts  using  antithymocyte  preparations  and 
donor-specific  bone  marrow,  to  demonstrate  the  time  course  of  restoration  of 
the  MLR  to  third-party  cells  following  induction  of  tolerance,  and  to 
investigate  the  need  for  antithymocyte  preparations  in  induction  tolerance  in 
a  rat  burn  model.  Groups  I  and  II  will  be  subjected  to  30%  total  body 
surface  area  burns.  Group  I  will  undergo  skin  grafting  from  Brown-Norway  rat 
donors  on  the  second  postburn  day.  Group  II  will  be  administered 
antithymocyte  serum  on  the  first  postburn  day,  undergo  skin  grafting  from  a 
Brown-Norway  rat  donor  on  the  second  po3tburn  day,  be  administered 
antithymocyte  serum  on  the  second  postoperative  day,  and  be  administered  the 
bone  marrow  preparation  from  the  Brown-Norway  rat  donor  on  the  seventh 
postoperative  day.  Each  of  these  two  groups  will  unaergo  MLR  surveillance  at 
the  time  of  burn  injury,  1  week  postinjury,  and  monthly  thereafter. 

25.  (U)  9010  -  9109.  The  first  phase  of  this  project  has  been  undertaken. 
Data  for  the  control  group  (n-40)  demonstrated  a  mean  allograft  acceptance 
time  of  10.3  days.  Animals  in  the  treatment  group  receiving  both 
antithymocyte  globulin  and  bone  marrow  had  an  allograft  acceptance  time  of 
14.2  days.  Though  this  shows  a  statistically  significant  increase  in 
allograft  acceptance  time,  the  length  of  allograft  prolongation  is  far  less 
than  would  be  expected.  Further  work  will  be  undertaken  to  refine  this 
model . 
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Early  excision  and  grafting  of  full-thickness  burns  has  been 
shown  to  diminish  the  length  of  hospital  stay,  the  incidence  of 
infectious  complications,  and  the  cost  of  hospitalization. 
Definitive  closure  of  thermal  injuries  >  40%  of  the  total  body 
surface  area  is  limited  by  the  availability  of  skin  graft  donor 
sites,  necessitating  multiple  operative  procedures  and  prolonging 
the  hypermetabolic  and  immunosuppressive  stresses  faced  by  the 
thermally  injured  patient. 

The  ability  of  immunosuppression  to  prolong  the  take  of  skin 
allografts  has  been  demonstrated  in  rats  and  humans. 
Unfortunately,  this  creates  a  state  of  nonspecific 
immunosuppression  which  increases  the  risks  of  infectious 
complications.  There  has  been  some  success  in  inducing  long-term 
and  even  permanent  survival  of  skin  allografts  in  mice  with  the  use 
of  antilymphocyte  preparations  and  donor-specific  bone  marrow, 
essentially  inducing  a  specific  state  of  immune  tolerance  to 
allografted  skin  but  ultimately  restoring  the  organism's  ability  to 
respond  to  third-party  allogeneic  stimulation. 

The  objectives  of  this  study  are  to  demonstrate  selective 
unresponsiveness  to  skin  allografts  in  a  rat  model  of  thermal 
injury  using  antithymocyte  preparations  and  donor-specific  bone 
marrow,  demonstrate  the  time  course  of  restoration  of  the  MLR  to 
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third-party  cells  following  induction  of  tolerance  in  a  rat  burn 
model,  and  investigate  the  need  for  antithymocyte  preparations  in 
tolerance  induction  in  the  rat  burn  model. 

Phase  I  of  this  study  was  completed  during  this  reporting 
period.  Though  only  in  the  early  phase  of  investigation,  it  is 
encouraging  that  a  statistically  significant  difference  in  graft 
survival  time  was  observed  in  the  animals  receiving  the  combination 
of  antithymocyte  serum  and  donor-specific  bone  marrow.  It  is  hoped 
that  short-term  administration  of  cyclosporine  A  will  even  further 
augment  graft  survival  time  in  the  animal  groups. 
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USE  OF  DONOR-SPECIFIC  BONE  MARROW  AND  ANTITHYMOCYTE 
PREPARATIONS  FOR  THE  ESTABLISHMENT  OF  SELECTIVE 
TOLERANCE  TO  ALLOGRAFTED  SKIN  IN  A  RAT  BURN  MODEL 


Sir  Peter  Medawar  introduced  the  concept  of  actively  acquired 
immune  tolerance  in  1953.  In  a  series  of  murine  studies,  he 
demonstrated  that  prolonged  tolerance  of  skin  allograft3  could  be 
achieved  through  the  introduction  of  allograft  lymphoid 
preparations  to  the  developing  recipient  fetus.  He  demonstrated 
that  animals  never  develop,  or  do  so  to  a  limited  degree,  the 
ability  to  immunologically  react  to  foreign  antigens  to  which  they 
have  been  exposed  during  fetal  life.  This  involved  a  modulation  of 
the  host  immune  system,  not  antigen  adaptation.  Furthermore, 
strict  paring  of  donor  and  recipients  was  shown  to  be  essential  in 
heterogenous  strains  of  animals. 

Subsequent  murine  studies  by  Monaco  et  al  (1)  demonstrated  that 
nonspecific  immunosuppressive  states  could  be  converted  to  specific 
states  of  unresponsiveness  by  the  use  of  antilymphocyte 
preparations  and  donor  lymphoid  cells  in  adult  murine  recipients. 
Lance  and  Medawar  (2)  postulated  that  the  antilymphocyte 
preparations  created  an  environment  of  generalized  unresponsiveness 
which  potentiated  the  induction  of  specific  immune  tolerance  to 
donor  antigen  when  donor-specific  lymphoid  cells  were  administered. 

Concerns  of  inducing  graft  versus  host  responses  have  been 
unwarranted.  Multiple  studies  have  examined  the  ability  of  various 
cell  preparations  to  induce  tolerance.  Wood  et  al  (3,4) 
demonstrated  that  renal,  hepatic,  and  epidermal  cells  had  no  effect 
on  augmenting  allograft  survival.  However,  bone  marrow,  lymphoid, 
and  spleen  cells  all  significantly  augmented  allograft  survival 
when  administered  in  combination  with  antilymphocyte  preparations. 
Donor-specific  bone  marrow  appears  to  be  the  most  effective  donor 
cell  preparation  for  tolerance  induction,  probably  as  a  consequence 
of  the  presence  of  both  Class  I  and  Class  II  major 
histocompatibility  antigens  in  donor  bone  marrow.  Wood  and  Monaco 
(5)  further  established  that  the  timing  of  donor  cell  introduction 
was  critical  in  achieving  the  optima]  tolerogenic  effect. 
Specifically,  they  demonstrated  that  effective  specific 
unresponsiveness  was  achieved  only  when  the  donor  cells 
preparations  were  given  after  treatments  with  antilymphocyte 
preparations  and  allografting.  Earlier  administration  had  little 
or  no  effect  on  improving  graft  survival. 

Multiple  investigators  have  studied  the  cellular  element  in 
bone  marrow  responsible  for  inducing  the  tolerance  phenomenon. 
These  studies  have  all  implicated  the  T  suppressor  cell  as  being 
the  responsible  element  for  tolerance  induction  (6) .  It  has  been 
proposed  that  T  suppressor  cell  clones  are  generated  from  antigen 
challenge  presented  by  the  allograft  in  the  milieu  of  generalized 
immune  unresponsiveness  induced  by  antilymphocyte  preparations. 
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Further  administration  of  the  donor-specific  bone  marrow  creates  a 
second  set  of  T  suppressor  cell  clones  which  contribute  to 
prolonged  allograft  survival. 

Wood  and  colleagues  (7)  also  established  that  cyclosporine, 
when  administered  after  administration  of  donor-specific  bone 
marrow,  had  a  synergistic  effect  with  the  antilymphocyte 
preparations  in  inducing  specific  unresponsiveness.  Interest,  in 
applying  these  principles  of  immune  tolerance  in  the  human 
cadaveric  transplant  setting  led  investigators  to  evaluate  the 
possibility  of  freezing  the  donor-specific  bone  marrow  for 
subsequent  administration.  DeFazio  and  colleagues  (8)  demonstrated 
that  freeze/thawed  bone  marrow  was  actually  more  effective  than 
fresh  bone  marrow  in  inducing  immune  tolerance.  It  is  thought  that 
the  freezing  may  bring  about  a  partial  fractionization  of  the  bone 
marrow  and  that  the  lower  temperatures  increase  the  fragility  of 
the  polymorphonuclear  cells  as  compared  with  the  mononuclear  cells. 
Previous  studies  had  clearly  demonstrated  that  the  graft  prolonging 
cells  were  recovered  from  the  mononuclear-rich  fraction  of  the  bone 
marrow.  These  observations  of  immune  tolerance  have  been  extended 
to  larger  animal  models.  Caridis  and  colleagues  (9)  used  mongrel 
dogs  in  a  similar  protocol  of  administering  antilymphocyte 
preparations  a  week  prior  and  a  week  following  renal 
transplantation  and  subsequently  administering  donor-specific  bone 
marrow  several  days  following  the  transplant  procedure.  It  was 
found  that  a  combination  of  high-dose  antilymphocyte  serum  and 
donor-specific  bone  marrow  given  on  postoperative  days  10  and  20 
significantly  improved  survival  time  of  renal  allografts.  Again, 
no  graft  versus  host  phenomenon  was  demonstrated.  Further  studies 
by  Hartner  and  colleagues  (10)  demonstrated  significant 
prolongation  of  renal  allografts  with  this  approach.  Additionally, 
they  demonstrated  that  the  MLR  to  donor  and  third-party  cells  was 
uniformly  depressed  at  30-45  days  following  transplantation. 
However,  by  60  days  posttransplantation,  the  MLR  to  third-party 
cells  was  restored  to  normal,  with  the  response  to  donor  cells 
persistently  depressed. 

A  primate  study  was  undertaken  by  Thomas  and  colleagues  (11) 
which  was  felt  to  be  a  logical  step  between  the  animal  models 
previously  presented  and  application  in  the  clinical  arena. 
Primates,  being  genetically  similar  to  man  and  having  similar  major 
histocompatibility  antigens  and  specificity  of  lymphocyte  subset 
differentiation  antigens  were  subjected  to  transplantation  and 
subsequently  administered  donor-specific  bone  marrow  on  the  12th 
postoperative  day.  Again,  this  study  demonstrated  marked 
improvement  in  mean  survival  time  with  the  antithymocyte 
preparation  and  marrow  administration  and  again  demonstrated  a 
consistently  negative  MLR  to  donor  cells  but  restoration  of  normal 
activity  by  8  months  posttransplant  to  indifferent  allogeneic 
cells.  A  follow-up  study  (12)  further  supported  the  evidence  that 
adjunctive  immunosuppressive  drugs  improve  allograft  survival  with 
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this  protocol.  The  use  of  cyclosporine  A  and  low-dose  steroids 
increase  mean  survival  time  by  50%  in  a  similar  primate  model. 

Human  application  of  these  principles  has  been  confined  to  the 
renal  transplantation  population.  Monaco  et  al  (13,14)  used  a 
donor-specific  bone  marrow  protocol  in  five  living  related  donor 
renal  transplants  who  were  all  one  haplotype  high  mixed-lymphocyte 
culture  reactive.  In  this  study,  no  graft  versus  host  phenomenon 
was  noted.  Two  of  the  patients  demonstrated  no  rejection  episodes 
and  maintained  serum  creatinines  between  1.5  and  2.0  with  normal 
mixed-lymphocyte  culture  reactivity  to  third-party  cells  at  6 
months  but  consistently  suppressed  mixed-lymphocyte  culture 
reactivity  to  the  specific  donor.  The  third  patient  had  excellent 
renal  function  for  6  weeks  but,  due  to  noncompliance  on  the 
immunosuppressive  regimen,  rejected  his  kidney.  A  fourth  patient 
developed  a  positive  cross-match  and  sustained  a  violent  rejection 
episode  on  the  7th  postoperative  day  prior  to  marrow 
administration.  A  fifth  patient,  who  was  removed  from  the  study  as 
a  consequence  of  a  cardiac  arrhythmia,  demonstrated  normal 
mixed-lymphocyte  culture  reactivity  to  both  third-party  and 
specific  donor  cells  by  6  months  posttransplantation.  The  most 
recent  and  comprehensive  application  of  these  principles  has  been 
undertaken  by  Barber  and  colleagues  (15) .  Twenty  patients  were 
entered  in  a  donor-specific  bone  marrow  protocol,  19  of  whom  were 
discharged  with  functioning  grafts  and  8  of  whom  were  completely 
off  steroids  at  3-6  months  following  transplantation.  The  other 
patients  in  this  protocol  were  on  significantly  lower  doses  of 
steroids  as  compared  to  the  20  patients  receiving  the  contralateral 
kidney  and  conventional  immunosuppressive  regimens.  A  personal 
communication  with  this  investigator  has  indicated  that 
approximately  50  patients  have  been  enrolled  in  the  study,  all 
being  cadaveric  transplant  recipients.  Current  graft  survival 
approaches  90%  with  this  protocol  versus  a  78%  1-yr  graft  survival 
rate  with  conventional  immunosuppressive  regimens  which  include 
cyclosporine.  Again,  a  significant  decrease  in  immunosuppressive 
medications  has  been  enjoyed. 

Extensions  of  these  observations  in  a  burn  model  may  provide  a 
means  to  effect  the  early  definitive  and  long-term  closure  of  large 
thermal  injuries  and  reduce  infectious  complications  and  the  length 
of  hospital  stay  (16) .  Evaluation  of  the  ability  to  selectively 
establish  unresponsiveness  to  skin  allografts  in  a  thermal  injury 
model  is  of  initial  interest.  Additionally,  the  time  course  for 
restoring  immune  responsiveness  to  third-party  cells  following 
induction  of  tolerance  in  the  burn  model  may  also  have  implications 
with  respect  to  infectious  complications.  Further,  the  ability  to 
utilize  freeze/thawed  preparations  of  donor  bone  marrow  and  skin 
for  inducing  immune  tolerance  has  direction  implication  with 
respect  to  its  potential  clinical  applications. 

The  objectives  of  this  study  are  to  demonstrate  selective 
unresponsiveness  to  skin  allografts  in  a  rat  model  of  thermal 
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injury  using  anti  thymocyte  preparations  and  donor-specific  bone 
marrow,  demonstrate  the  time  course  of  restoration  of  the  MLR  to 
third-party  cells  following  induction  of  tolerance  in  a  rat  burn 
model,  and  investigate  the  need  for  antithymocyte  preparations  in 
tolerance  induction  in  the  rat  burn  model. 

MATERIALS  AND  METHODS 

Study  Design.  This  study  involves  two  groups.  Group  I  was 
subjected  to  a  30%  total  body  surface  area  burn  and  underwent  skin 
grafting  from  Brown-Norway  rat  donors  on  the  second  postburn  day. 
Group  II  will  be  subjected  to  a  30%  total  body  surface  area  burn, 
administered  antithymocyte  serum  on  the  first  postburn  day,  undergo 
akin  grafting  from  a  Brown-Norway  rat  donor  on  the  second  postburn 
day,  administered  antithymocyte  serum  on  the  second  postoperative 
day,  and  administered  the  bone  marrow  preparation  from  the 
Brown-Norway  rat  donor  on  the  seventh  postoperative  day. 

Description  of  Procedures.  In  Group  I  (r»=40) ,  20  Lewis  rats 
were  anesthetized  with  sodium  pentobarbital  (35  mg/kg  IP) ,  the 
dorsal  surface  was  shaved,  and  a  30%  total  body  surface  area  scald 
burn  (90°C  for  5  sec)  was  administered  utilizing  the  Walker-Mason 
method.  Two  days  later,  they  underwent  excision  of  the  burn  wound 
to  fascia  and  skin  grafting  from  a  group  of  Brown-Norway  rat 
denors .  Nonadherent  gauze  was  applied  to  the  skin  graft  site  and 
secured  with  self-adherent  elastic  wrap.  On  postoperative  day  7, 
the  dressings  were  removed  and  the  skin  grafts  assessed  on  a  daily 
basis  by  tactile  and  visual  inspection. 

In  Group  II  (n-40),  20  Lewis  rats  will  be  anesthetized  with 
sodium  pentobarbital  (35  mg/kg  IP)  ,  the  dorsal  surface  will  be 
shaved,  and  a  30%  total  body  surface  area  scald  burn  (90°C  for  5 
sec)  will  be  administered  utilizing  the  Walker-Mason  method.  They 
will  then  be  administered  antithymocyte  serum  (2  cc  IP)  on  the 
first  postburn  day.  On  the  second  postburn  day,  the  wounds  will  be 
excised  to  fascia  and  skin  grafts  from  Brown  Norway  rat  donors  will 
be  applied  as  described  for  Group  I.  Two  days  following 
application  of  the  graft,  another  dose  of  antithymocyte  serum  (2  cc 
IP)  will  be  administered  and  a  standard  bone  marrow  preparation  of 
5  X  107  viable  nucleated  cells  from  the  Brown  Norway  rat  donor  will 
be  administered  intravenously  with  a  25-ga  needle  through  the 
dorsal  penile  vein  on  postoperative  day  6.  Wounds  will  be  examined 
on  postoperative  day  7  and  then  daily  by  tactile  and  visual 
inspection  for  rejection  of  the  graft.  When  <  10%  of  the  graft 
remains,  it  will  be  considered  total  rejection. 

Each  of  these  two  groups  will  undergo  MLR  surveillance  at  the 
time  of  burn  injury,  at  1  week  following  burn  injury,  and  monthly 
thereafter  to  determine  the  time  course  of  restoration  for  the  MLR. 

Determination  of  Number  of  Animals  Required.  This  study  has 
not  previously  been  undertaken  but  it  is  felt  that  the  number  of 
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animals  to  be  used  will  allow  one  to  detect  a  25%  difference  with 
a  type  I  error  0.05  and  a  type  II  error  of  0.10. 

Data  Analysis  Plan.  Descriptive  statistics  and  life-table 
analyses  of  survival  data  will  be  performed. 

RESULTS 

Phase  I  of  this  study  was  completed  during  this  reporting 
period.  In  the  early  phase  of  this  study,  problems  were 
encountered  with  the  administration  of  the  antithymocyte  globulin. 
Specifically,  death  occurred  after  administration  and  necropsy 
revealed  this  to  be  the  consequence  of  massive  hemolysis.  This 
necessitated  the  incubation  of  the  antithymocyte  globulin  with  rat 
RBCs  to  precipitate  the  offending  antibodies  and  then  subsequent 
purification  of  the  antithymocyte  globulin.  Using  this  approach, 
no  toxic  reactions  were  subsequently  noted  with  the  administration 
of  the  antithymocyte  globulin. 

Phase  I  revealed  the  mean  graft  survival  time  in  animals 
receiving  only  the  allogeneic  skin  graft  was  10.3  ±  0.41  days. 
Group  2  animals  receiving  antithymocyte  preparations  and 
donor— specific  bone  marrow  had  a  mean  graft  survival  time  of  14.2 
±  0.37  days.  The  P  value  <  0.001  on  pool  t  testing.  A  life-table 
analysis  of  the  two  groups  was  performed  and  the  graphic 
presentation  of  this  data  is  presented  in  Figure  1. 

Currently,  Phase  II  studies  are  being  undertaken  and 
preliminary  data  is  not  available  for  interpretation. 

DISCUSSION 

Though  only  in  the  early  phase  of  investigation,  it  is 
encouraging  that  a  statistically  significant  difference  in  graft 
survival  time  was  observed  in  the  animals  receiving  the  combination 
of  antithymocyte  serum  and  donor-specific  bone  marrow.  It  is  hoped 
that  short-term  administration  of  cyclosporine  A  wili  further 
augment  graft  survival  time  in  the  animal  groups. 
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Pulmonary  amino  acid  flux  was  studied  in  9  critically  ill 
patients  to  better  understand  the  altered  protein  metabolism  in 
stressed  patients.  Plasma  amino  acid  profiles  were  measured  in  the 
pre-  and  postpulmonary  circulation  via  an  indwelling  pulmonary 
artery  and  peripheral  artery  catheter.  Whole  body  protein  turnover 
was  calculated  by  the  N15  glycine  infusion  method.  Five  burn 
patients  and  4  postoperative  general  surgery  patients  were  studied. 
Four  preoperative  coronary  artery  bypass  patients  were  u'i.ed  a3 
control  subjects. 

There  was  a  statistically  significant  increase  in  flux  of 
glutamate,  glutamine,  glycine,  and  lysine  in  burn  patients  compared 
to  control  subjects  (P  <  0.05)  .  The  trend  was  for  increased 
release  of  all  amino  acids  proportional  to  the  degree  of 
hypermetabolism  following  major  surgery  and  burns.  The  rate  of 
appearance  of  glycine,  used  as  an  estimate  of  protein  turnover,  was 
not  different  between  postoperative  and  burned  patients. 

Lung  amino  acid  flux  following  thermal  injury  and  surgical 
stress  demonstrates  net  release  of  amino  acids,  probably  indicating 
net  pulmonary  protein  catabolism.  This  may  explain,  in  part,  the 
pulmonary  dysfunction  and  failure  commonly  seen  in  these  patients. 
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PROTEIN  TURNOVER,  PULMONARY  AMINO  ACID  FLUX, 

AND  NITROGEN  BALANCE  IN  THERMALLY  INJURED  PATIENTS 


Amino  acid  flux  in  the  setting  of  burns  and  other  trauma  is 
markedly  different  from  the  normal  state  (1) .  The  hypermetabolic 
state  associated  with  burns  and  trauma  is  classically  composed  of 
peripheral  amino  acid  release,  primarily  from  skeletal  muscle,  with 
uptake  predominantly  by  visceral  organs  (gut  and  liver)  and  the 
kidney  (2)  .  The  role  of  the  lung  in  amino  acid  flux  in  burn 
patients  is  unknown.  Current  opinion  would  suggest  that  the  lung 
has  a  net  uptake  of  amino  acids.  However,  there  has  recently  been 
a  suggestion  that  the  lung  may  be  a  major  source  of  amino  acid 
release  following  trauma  (3) .  If  this  is  true,  it  may 
significantly  alter  our  understanding  of  amino  acid  flux  in 
critically  ill  patients.  The  level  of  protein  turnover  is 
generally  increased  in  the  hypermetabolic  burn  patient.  Nitrogen 
excretion  is  also  increased  and  may  reach  levels  of  20-30  g/day, 
predominantly  as  urea  in  the  urine. 

There  has  been  no  study  of  pulmonary  amino  acid  flux  (PAAF) 
correlated  with  the  level  of  total  protein  turnover  and  nitrogen 
excretion  in  burn  patients.  The  deterioration  of  pulmonary 
function,  frequently  3een  following  thermal  injury,  may  be 
explained  in  part  by  factors  which  cause  the  net  release  of  amino 
acids  from  the  lung  following  injury. 

PAAF  was  studied  in  critically  ill  patients  to  better 
understand  the  altered  protein  metabolism  of  hypermetabolic 
illness.  This  pilot  study  was  designed  to  compare  the  pulmonary 
flux  of  amino  acids  in  stable  preoperative  patients,  postoperative 
patients  after  major  abdominal  surgery,  and  severely  burned 
patients  to  sample  the  spectrum  of  catabolic  stress.  The  rate  of 
appearance  of  glycine  was  used  as  a  gross  estimate  of  protein 
metabolism  in  the  latter  two  groups. 

MATERIALS  AND  METHODS 

Study  Design:  Patients  admitted  to  the  US  Army  Institute  of 
Surgical  Research  and  the  Brooke  Army  Medical  Center's  SICU  were 
eligible  for  enrollment  in  the  study.  Properly  signed  and 
witnessed  DA  Forms  5303-R,  Volunteer  Agreement  Affidavit,  were 
obtained  from  each  patient  prior  to  initiation  of  the  study. 
Patients  were  divided  into  three  groups,  i.e.,  control, 
postoperative,  and  burn  (see  Table  1).  Mixed-venous  and  arterial 
blood  samples  were  analyzed  for  plasma  amino  acids  and  hematocrit. 
Cardiac  output  was  measured  by  the  thermodilution  technique. 
Protein  turnover  was  performed  by  W15  prime-dose  infusion. 

Burn  Patient  Inclusion:  Patients  meeting  all  of  the 
following  criteria  were  enrolled  in  the  study  upon  giving  written 
informed  consent: 
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TABLE  1.  Group  and  Patient  Descriptions 


Group 

n= 

Description 

Diaanosis 

1 

4 

Stable  preoperative  patients 
awaiting  coronary  artery 
bypass  with  normal  left 
function 

Coronary  artery  disease 

2 

4 

Postoperative  patients  on 
day  2  or  3  following 
intra-abdominal  surgery 

Patient  1 

Patient  2 

Patient  3 

Patient  4 

Aortic  aneurysm 

Iliac  occlusion 
Diverticulitis 

Bowel  obstruction 

3 

5 

Patients  with  burns 

Burn  injury  (meaii  total 
body  surface  area  burn 
size  =  66.2%) 

1.  Male  or  female  patients  >  18  yr  old. 

2.  Patients  admitted  to  the  US  Army  Institute  of 
Surgical  Research  within  48  h  postburn. 

3.  Patients  with  burns  >  20%  of  the  total  body  surface 

area . 

4.  Patients  with  preexisting  pulmonary  artery  catheter 
and  arterial  line  for  routine  clinical  care. 


Burn  Patient  Exclusion:  Patients  meeting  any  of  the 
following  criteria  were  excluded  from  participation  in  the  study: 


Surgical 

area . 


1 . 

Patients 

2.  Fatients 
Research  within 

3. 

Patients 

4  . 

Patients 

5. 

Patients 

<  18  yr  old. 

not  admitted  to  the  US  Army  Institute  of 
48  h  postburn. 

with  burns  <  20%  of  the  total  body  surface 

with  inhalation  injury  or  pneumonia, 
with  toxic  epidermal  necrolysis. 
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6.  Patients  without  preexisting  pulmonary  artery 
catheter  and/or  arterial  line  for  routine  clinical  care. 

7.  Patients  receiving  total  parenteral  nutrition. 

Description  of  Procedures.  Blood  was  obtained  from  the  distal 
port  of  the  pulmonary  artery  catheter  (mixed-venous  blood)  and  from 
an  arterial  line.  These  catheters  were  already  in  place  for  the 
patient's  routine  clinical  care.  Spun  HCT  was  performed  on  fresh 
blood  in  microcentrifuge  tubes.  Blood  for  amino  acid  analysis  was 
collected  in  lithium  heparin  tubes  and  frozen  at  -80°C  until 
analysis.  Plasma  amino  acid  analyses  were  performed  by  HPLC  on  an 
amino  acid  analyzer  (Beckman  6300) .  Cardiac  output  was  performed 
by  the  thermodilution  technique.  Five  values  were  obtained,  the 
final  value  being  the  average  of  three  after  excluding  the  highest 
and  lowest  values.  Amino  acid  flux  was  calculated  as  follows: 

Flux  =  (Q  X  [1  -  HCT/ 100] )  X  AV 

where  Q  =  cardiac  output,  HCT  =  hematocrit,  and  AV  = 
arterial-venous  amino  acid  plasma  concentration.  Calculations  were 
performed  for  individual  and  total  amino  acids. 

The  rate  of  appearance  of  glycine  (Ra)  was  determined  by  a 
primed  constant  infusion  of  N15  glycine  (95  atom  percent)  at  a  dose 
of  0.2  /imole/kg/min .  Blood  samples  were  collected  hourly  during 
the  6-h  infusion.  The  percent  enrichment  was  determined  by  GC-MS 
(Hewlett-Packard-5988,  chemical  ionization) .  Ra  was  calculated  as 
follows : 

Ra  =  I/APE  X  0.01 

where  1  =  infusion  rate  and  APE  =  atom  percent  excess  as  described 
by  Wolfe  et  al  (4)  .  Urinary  N15  glycine  measurements  are  currently 
being  processed. 

Data  Analysis.  ANOVA  was  used  to  compare  the  three  patient 
groups . 


RESULTS 

The  net  PAAF  is  shown  for  each  amino  acid  in  Eigures  1  through 
3.  There  were  statistically  significant  increases  in  PAAF  of 
glutamate,  glutamine,  glycine,  and  lysine  compared  to  the  control 
population.  The  trend  was  for  PAAF  to  be  higher  in  burn  patients 
compared  to  postoperative  patients  who  were,  in  turn,  higher  than 
control  subjects.  The  rate  of  appearance  of  glycine  did  not 
statistically  correlate  with  patient  groups  with  this  small  number 
of  patients  (Table  2)  . 
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FLUX(micromole/kg/min) 


FIGURE  1.  Net  pulmonary  amino  acid  flux  for  the  amino  acids  threonine  (THR)  ,  valine 
(VAL) ,  methionine  (MET),  isoleucine  ( ILE) ,  leucine  (LEU),  phenylalanine 
(PHE) ,  and  tryptophan  (TRP) . 


FLUX(micromole/kg/min) 


FIGURE  2.  Net  pulmonary  amino  acid  flux  for  the  amino  acids  lysine  (LYS),  histidine 
(HIS),  arginine  (APG) ,  aspartic  acid  (ASP),  serine  (SER) ,  asparagine  (ASN) , 
and  tyrosine  (TYR) . 


TABLE  2.  Rate  of  Glycine  Appearance  ±  SD 


Group 

Umole/ka/min 

1 

Not  measured 

2 

2.56  ±  0.47* 

3 

3.35  ±  0.55* 

*No  significant 

difference  by  ANOVA. 

DISCUSSION 

The  role  of  the  lung  in  amino  acid  homeostasis  has  not  been 
elucidated.  We,  and  others  (3),  have  demonstrated  that  there  is  no 
net  flux  of  amino  acid  across  the  lung  in  the  unstressed  state. 
However,  a  net  release  of  amino  acid  similar  to  that  which  occurs 
from  skeletal  muscle  occurs  during  hypermetabolism.  Although  only 
glutamate,  glutamine,  glycine,  and  lysine  flux  were  statistically 
different  from  the  control  population,  all  amino  acids  showed  a 
similar  trend.  The  lack  of  significance  may  reflect  a  Type  IX 
error.  This  suggests  that  the  release  of  amino  acid  may  be 
secondary  to  protein  degradation  and  not  a  selective  increase  in 
pulmonary  amino  acid  synthesis.  Further  study  will  be  necessary  to 
define  the  role  of  the  lung  in  amino  acid  metabolism  following 
stress . 


CONCLUSIONS 

1.  The  human  lung  releases  glutamate,  glutamine,  glycine,  and 
lysine  in  hypermetabolic  thermally  injured  patients  compared  to 
metabolically  stable  controls. 

2.  Other  amino  acids  were  demonstrated  to  have  a  positive  net 
flux  in  the  patients,  although  small  sample  size  may  have  precluded 
statistical  signif icanc.e . 

3.  The  lung  may  serve  as  a  pool  for  amino  acid  release  similar 
to  skeletal  muscle  following  periods  of  metabolic  stress. 

PRESENTATIONS /PUBLICATIONS 


Mozingo  DW:  Pulmonary  amino  acid  flux  in  critically  ill 
patients.  Presented  at  the  International  Surgical  Week,  Stockholm, 
Sweden,  27  August  1991. 
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The  objective  of  thlo  project  ia  to  develop  a  small  animal 
(rodent)  model  of  emoke  inhalation  injury.  The  model  should 
provide  a  reproducible  pathologic  and  physiologic  response  to  smoke 
exposure  and  permit  exposure  of  sufficient  numbers  of  animals  to 
the  same,  or  similar,  smoke  conditions  to,  yield  statistically 
meaningful  rosults.  Tho  model  ia  Intended  as  a  vehicle  tor  the 
atudy  of  interventions  or  treatments  of  smoke  inhalation  injury. 
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DEVELOPMENT  OF  A  RAT  MODEL  OF  INHALATION  INJRY  -  A  PILOT  STUDY 


Up  to  one-third  of  patients  admitted  to  a  burn  center  will  have 
sustained  inhalation  injury.  Such  injury  may  increase  the 
mortality  expected  based  on  age  and  burn  size  alone  by  up  to  20% 
(1)  .  In  addition,  inhalation  injury  predisposes  a  thermally 
injured  patient  to  pneumonia  and  pulmonary  failure.  At  present, 
treatment  for  inhalation  injury  is  primarily  supportive;  treatment 
regimens  commonly  include  humidified  air,  supplemental  oxygen, 
endotracheal  intubation,  and  mechanical  ventilation  (2) . 
Endobronchial  secretions  are  monitored  for  signs  of  infection  and 
cheat  r?d-. ographs  are  routinely  taken  to  determine  the  presence  or 
absence  of  pneumonia.  There  are  at  present  no  clinically  proven 
treatment  methodologies  to  eliminate  or  ameliorate  the 
pathophysiologic  response  to  inhalation  injury. 

The  pathophysiology  of  smoke  inhalation  injury  is  under  active 
investigation  in  several  laboratories  (3,4).  Experimental  animals 
commonly  used  in  these  investigations  include  the  dog,  sheep,  and 
goat  (5-7)  .  Research  in  this  area  has  almost  uniformly  been 
confined  to  large  animals.  Several  early  attempts  to  develop  small 
anima.l  models  of  smoke  injury  appear  to  have  been  abandoned  (8)  . 
Difficulties  encountered  in  utilizing  large  animals  to  study  such 
injury  include  cost,  lack  of  suitable  resources,  and  difficulty  in 
carrying  cut  sufficient  numbers  of  studies  to  yield  statistically 
valid  results.  This  Institute  was  instrumental  in  developing  and 
investigating  small  animal  models  of  cutaneous  thermal  injury  and 
burn  wound  infection.  These  models  have  permitted  economical, 
efficient  investigation  of  burn  treatment  modalities  that  have 
subsequently  proved  clinically  useful.  It  is  desirable  to  develop 
a  similar  small  animal  model  of  inhalation  injury.  Such  a  model 
can  be  combined  with  the  well  developed  models  of  cutaneous  thermal 
injury  to  permit  efficient,  economical  exploration  of  treatment 
modalities  addressing  the  morbidity  and  mortality  associated  with 
smoke  inhalation. 

As  previously  noted,  experimental  models  of  smoke  inhalation 
injury  have  been  largely  confined  to  large  animals.  Small  animal 
(rodent)  models  of  smoke  injury  have  been  hampered  by  several 
factors.  Among  these  are  the  large,  efficient  rodent  upper  airway 
filtration  system,  which  impedes  the  delivery  of  smoke  particulates 
to  the  major  airways,  and  what  is  termed  "huddling"  behavior, 
exhibited  by  rodents  during  group  exposure,  in  which  the  animals 
appear  to  use  the  fur  of  other  animals  as  a  respiratory  filter.  In 
addition,  the  small  relative  airway  size  limits  distal  deposition 
of  particulates,  as  does  the  rodents'  capacity  for  prolonged 
breaLL-iiuldiiiy  when  exposed  to  toxic  materials  in  the  atmosphere. 
During  short  exposures,  this  latter  ability  permits  the  animals  to 
avoid  significant  pulmonary  exposure  to  toxic  materials.  This 
investigation  attempts  to  overcome  these  obstacles  and  produce  a 
reliable,  efficient  rodent  model  of  inhalation  injury. 
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MATERIALS  AMD  METHODS 


The  initial  approach  to  this  project  utilized  two  parallel 
tracks.  The  first  involved  direct  instillation  of  smoke  into  the 
trachea  of  Sprague-Dawley  rats.  Rats  weighing  approximately  300  g 
were  anesthetized  with  sodium  pentobarbital  (35  mg/kg  IP)  and 
underwent  direct  endotracheal  intubation  using  21-ga  catheters. 
Smoke  was  generated  by  burning  a  complex  fiber  and  plastic  pad  in 
a  galvanized  steel  container,  and  was  directed  to  a  large  stainless 
steel  respirometer,  where  it  was  stored  and  used  within  10  min  of 
generation.  The  anesthetized  and  intubated  animals  were  exposed  to 
the  smoke  for  1-2  min.  The  smoke  was  delivered  to  the  endotracheal 
tubes  by  use  of  a  2—1  anesthesia  bag  with  a  suitable  fitting  for 
the  endotracheal  tube.  Animals  were  followed  for  24-48  h  following 
exposure,  surviving  animals  were  sacrificed  and  the  lung  was 
removed,  fixed  in  formalin,  and  examined  by  light  microscopy. 
Blood  carboxyhemoglobin  levels  were  also  measured  in  selected 
animals . 

The  second  track  involved  exposure  of  multiple  groups  of 
Sprague-Dawley  or  Lewis  rats  in  a  nose-only  exposure  manifold  which 
was  constructed  of  aluminum  and  provided  the  capability  to  expose 
24  animals  to  a  single  source  of  smoke  at  one  time.  The  aluminum 
manifold  had  intake  and  exhaust  ports  for  smoke  delivery  and 
nose-only  exposure  ports  for  24  animals.  Animals  were  confined  in 
plexiglass  tubes,  their  noses  protruding  into  a  brass  nose  cone 
which  was  fitted  to  the  exposure  port  of  the  manifold.  In  these 
studies,  smoke  was  also  generated  in  a  galvanized  steel  container 
by  the  combustion  of  fiber  and  plastic  pads,  collected  in  a  large 
stainless  steel  respirometer,  and  used  within  20  min  of  generation. 
Animals  were  loaded  into  the  plexiglass  exposure  tubes,  placed  in 
the  exposure  manifold,  and  allowed  a  period  of  time  for 
equilibration  prior  to  smoke  exposure.  Smoke  stored  in  the 
respirometer  was  then  delivered  into  the  intake  port  of  the 
manifold  and  timed  exposures  were  performed.  Surviving  rats  were 
observed  for  24-48  h.  Histopathologic  examination  of  the  lungs  was 
performed.  In  addition,  carboxyhemoglobin  levels  were  measured  in 
selected  animals. 

Results  from  the  first  two  tracks  of  this  investigation 
indicated  a  substantial  problem  with  early  mortality  due  to  carbon 
monoxide  poisoning.  Because  the  mortality  from  carbon  monoxide 
poisoning  limited  exposure  time,  it  was  necessary  to  modify  the 
exposure  apparatus  to  minimize  carbon  monoxide  toxicity.  In 
addition,  it  was  also  noted  that  the  quality  of  smoke  generated 
under  various  atmospheric  conditions  appeared  somewhat  variable. 
Because  one  of  the  goals  of  this  research  project  is  a  reproducible 
and  uniform  injury,  it  was  elected  to  further  modify  the 
smoke-generating  apparatus  to  eliminate  variables  associated  with 
the  lack  of  control  of  combustion.  To  accomplish  this,  the  entire 
smoke-generating  apparatus  and  the  exposure  devices  were 
redesigned.  The  smoke-generating  apparatus  was  changed  to  a 
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microprocessor-controlled  retort  furnace.  The  microprocessor 
programs  the  rate  of  temperature  rise  and  can  hold  the  furnace  at 
a  preset  final  temperature.  The  furnace  itself  can  contain  up  to 
2  1  of  combustible  material  and  has  a  maximum  temperature  of 
1200°C.  Air  flow  into  the  retort  is  produced  by  a  pump  capable  of 
delivering  flows  of  0-50  1/min.  Air  is  dried  by  passage  through 
calcium  carbonate  crystals  prior  to  entry  into  the  retort.  The 
combustion  or  pyrolysis  products  are  delivered  from  the  retort  to 
the  manifold  intake  port.  The  manifold  has  been  placed  inside  a 
glove  box  with  exhaust  from  the  manifold  directed  through  a  filter. 
These  last  changes  were  undertaken  to  minimize  exposure  of  the 
investigators  to  combustion  products  and  to  minimize  the  release  of 
combustion  products  to  the  environment.  In  order  to  evaluate  the 
toxicity  of  various  combustion  products,  cotton  fabric, 
polystyrene,  polytetraf luoroethylene,  polyvinyl  chloride,  and  cedar 
wood  chips  have  been  evaluated.  Flow  settings  through  the  retort 
have  varied  between  10  and  20  1/min.  In  addition,  oxygen  can  be 
delivered  to  the  manifold  at  rates  of  up  to  15  1/min.  It  is  felt 
that  by  delivering  oxygen  during  the  exposure  period,  the  risk  of 
early  morbidity  from  carbon  monoxide  poisoning  can  be  minimized. 
Timed  exposures  of  small  groups  of  Lewis  rats  have  been  performed. 

RESULTS 

The  animals  that  were  anesthetized,  intubated,  and  exposed  to 
smoke  demonstrated  a  mild  parenchymal  injury  when  examined  by  light 
microscopy  48  h  after  smoke  exposure.  Smoke  exposure  lasted  1  min 
and  histopathologic  examination  revealed  tracheal  erosion  in  62% 
(10  of  16),  atelectasis  and  congestion  in  88%  (14  of  16),  and 
pneumonia  in  37%  (6  of  16)  .  There  was  a  linear  relationship 
between  exposure  time  and  the  level  of  carboxyhemoglobin  in  the 
blood.  At  0.5  min  postexposure,  the  carboxyhemoglobin  level  was 
21%  ±  8.6%,  at  1  min,  it  was  38.3%  ±  10.8%,  and  at  1.5  min,  it  was 
55%  ±  11.1%.  In  thi3  model,  it  was  noted  that  early  mortality  due 
to  carbon  monoxide  poisoning  developed  after  approximately  2.5  min 
of  smoke  exposure.  In  addition,  the  technique  of  endotracheal 
intubation  unavoidably  introduces  oropharyngeal  bacteria  into  the 
trachea.  One  of  the  goals  of  this  model  is  to  evaluate  subsequent 
development  of  pneumonia  in  these  animals,  and  such  unavoidable 
contamination  may  compromise  analysis  of  this  process.  Because  of 
the  limiting  features  of  carbon  monoxide  toxicity  and  the 
introduction  of  oropharyngeal  bacteria  into  the  trachea,  further 
pursuit  of  this  line  of  investigation  has  been  abandoned. 

In  rats  exposed  to  smoke  in  the  nose-only  exposure  tubes 
attached  to  the  aluminum  exposure  manifold,  exposure  times  >  25  min 
were  associated  with  unacceptable  carbon  monoxide  toxicity.  There 
was,  however,  a  linear  relationship  between  exposure  time  and  the 
level  of  blood  carboxyhemoglobin.  A  graphic  display  of  this 
association  is  illustrated  in  Figure  1.  Lungs  from  surviving 
animals  were  subjected  to  histopathologic  examination  at  24  and  48 
h.  Minimal  tracheal  and  parenchymal  injury  was  noted.  Th*; 
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limiting  factor  in  this  phase  was  exposure  time,  which  was  limited 
to  20-25  min  by  the  occurrence  of  carbon  monoxide  poisoning  and 
death. 


Tt* 


FIGURE  1.  The  relationship  between  smoke  exposure  time  and  blood 
carboxyhemoglobin  level  in  rats.  0  indicates 

carboxyhemoglobin . 

The  new  exposure  device  with  the  microprocessor-controlled 
furnace  and  smoke  delivery  system  has  been  tested  in  65  animals  in 
15  exposure  experiments.  Complete  histopathologic  data  are  now 
available  for  20  animals.  Using  cotton  fabric  and  polystyrene  as 
the  pyrolysis  compounds  and  a  fjrnace  temperature  of  300®C,  mild  to 
moderate  pulmonary  injury  was  noted  in  60%  of  animals  exposed  for 
30  min.  Polyfluorotetraethylene,  pyrolyzed  at  560°  caused  injury 
in  80%  of  exposed  animals. 

As  noted,  a  mild  to  moderate  histopathologic  injury  has  been 
observed  in  many  of  the  animals.  This  injury,  however,  has  not 
been  lethal.  Carboxyhemoglobin  levels  were  measured  in  selected 
animals;  none  exceeded  45%  despite  exposures  of  up  to  45  min.  It 
appears  that  the  new  smoke-generating  device  and  exposure  apparatus 
minimize  the  risk  of  carbon  monoxide  poisoning  and  permit  mild  to 
moderate  hiscopatnoloyic  pulmonary  parenchymal  injury.  With 
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further  refinement  of  the  exposure  technique  and  other  combustion 
and  pyrolysis  products,  we  anticipate  a  more  significant 
histopathologic  injury  that  will  result  in  a  measurable  level  of 
mortality. 


DISCUSSION 

The  immediate  goal  of  this  project  is  evaluation  of  a  wide 
variety  of  exposure  regimens  and  combustion  products  to  identify 
those  which  produce  moderate  to  severe  parenchymal  injury  and 
measurable  mortality.  Once  this  has  been  accomplished,  it  is  our 
intention  to  define  the  nature  of  the  injury  by  measuring  lung 
water  gravimetrically  and  to  refine  the  histopathologic  assessment 
of  injury  using  morphometry  and  electron  microscopy.  Once  a 
well-defined  injury  has  been  identified,  we  plan  to  combine  smoke 
exposure  with  cutaneous  thermal  injury  and  to  expose  smoke-injured 
animals  to  aerosols  of  bacteria  to  identify  the  role  that  smoke 
exposure  plays  in  the  development  of  pneumonia. 
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The  objective  of  this  study  was  to  determine  the  effect  of 
topical  AgSD  on  copper  metabolism  after  thermal  injury  in  a  rat 
model.  After  7  days  of  topical  silver  sulfadiazine  treatment, 
plasma  silver  levels  were  significantly  elevated  in  both  burn  and 
control  animals.  Treatment  caused  lower  plasma  copper  and 
ceruloplasmin  levels  but  had  no  significant  effect  on  plasma  zinc 
levels.  These  findings  are  of  possible  clinical  significance.  A 
survey  of  burn  units  in  the  United  States  by  this  Institute  showed 
that  many  units  supplement  patients  having  large’  burns  with  high 
levels  of  zinc.  Given  the  fact  that  zinc  lowers  copper  absorption, 
some  caution  may  be  advisable  if  copper  status  is  affected  by 
silver  sulfadiazine  as  suggested  by  this  animal  model. 


EFFECT  OF  SILVER  SULFADIAZINE  ON  COPPER  STATUS 
IN  RATS  WITH  THERMAL  INJURY 


Considering  the  increased  protein  and  caloric  needs 
accompanying  thermal  injury,  aggressive  trace  mineral 
supplementation  may  be  warranted.  Very  little  experimental 
evidence  to  support  such  a  regimen  is  available,  however,  and 
contradictions  exist  between  the  results  of  clinical  and  animal 
research. 

Copper  status  may  be  of  particular  concern  during  recovery  from 
thermal  injury.  The  cuproenzyme,  lysyl  oxidase,  is  required  for 
the  oxidation  of  peptidyl  lysine,  a  step  necessary  for  the 
cross-linking  of  collagen,  and  may  be  of  significance  in  wound 
healing  in  the  burn  patient.  Ceruloplasmin,  the  major  protein 
carrier  of  copper  in  the  blood,  has  ferroxidase  activity  that  is 
required  for  the  normal  utilization  of  iron  and  subsequent 
synthesis  of  hemoglobin. 

Cohn  et  al  (1)  measured  copper  levels  in  16  thermally  injured 
patients  and  found  that  15  had  serum  copper  levels  within  normal 
limits.  Most  of  these  determinations,  however,  were  performed  1-6 
months  postburn  and  the  percent  burn  was  relatively  low. 
Shakespeare  (2)  observed  normal  serum  copper  levels  in  11  patients 
with  8-60%  total  body  surface  area  (TBSA)  burns.  Boosalis  et  al 
(3)  and  Sanchez-Agreda  et  al  (4)  reported  lower  than  normal  serum 
copper  levels  in  the  early  stages  of  burn  recovery  in  patients  with 
20-40%  TBSA  burns.  In  both  studies,  serum  levels  returned  to 
normal  2-3  weeks  postburn.  Sanchez-Agreda  et  al  (4)  also  report 
that  patients  with  >  60%  TBSA  burns  had  subnormal  serum  copper 
levels  2  weeks  postburn.  Bossalis  et  al  (3)  found  subnormal  serum 
copper  and  ceruloplasmin  concentrations  in  patients  with  large 
burns  (>  60%  TBSA  burns)  up  to  5  weeks  postburn.  Urinary  excretion 
of  copper  was  significantly  higher  (P  <  0.01)  3  weeks  postburn  in 
patients  with  >  60%  TBSA  burns  compared  to  those  patients  with 
<  40%  TBSA  burns. 

An  additional  concern  that  may  be  unique  to  the  burn  patient  'is 
the  known  antagonistic  relationship  between  silver  and 
ceruloplasmin  synthesis  (5-7) .  Silver  sulfadiazine  is  an  effective 
topical  antimicrobial  agent  used  to  reduce  infectious  complications 
in  patients  with  burn  wounds.  Boosalis  et  al  (8)  found  that 
thermally  injured  patients  treated  with  topical  silver  sulfadiazine 
had  elevated  serum  silver  levels.  Those  patients  with  >  60%  TBSA 
burns  had  the  greatest  elevation  in  serum  silver  levels  as  well  as 
the  greatest  and  most  prolonged  depression  of  ceruloplasmin  levels. 
In  addition,  in  human  and  animal  studies,  increased  tissue 
concentrations  of  silver  from  silver  sulfadiazine  applied  to  burn 
wounds  have  been  reported  (9-11) .  However,  the  effect  of  increased 
silver  absorption  on  copper  metabolism  during  recovery  from  thermal 
injury  remains  to  be  investigated.  The  objective  of  this  study  was 
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to  determine  the  effect  of  topical  silver  sulfadiazine  on  tissue 
copper  concentration  in  the  burned  rat. 

MATERIALS  AND  METHODS 

Study  Design.  Male  Sprague-Dawley  rats  received  either  30% 
full-thickness  total  body  surface  area  scald  burns  (n-12)  or  sham 
burns  (n-12) .  Six  animals  from  each  group  had  silver  sulfadiazine 
cream  applied  over  the  dorsal  area  daily.  Seven  days  postburn,  the 
animals  were  sacrificed  and  serum  samples  were  analyzed  for  copper, 
zinc,  silver,  and  ceruloplasmin  concentrations.  The  liver,  femur, 
testes,  and  kidneys  were  excised  and  processed  for  determination  of 
copper,  zinc,  and  silver  concentrations. 

Description  of  Procedures.  Twenty-four  male  Sprague-Dawley 
rats  (Harlan  Sprague-Dawley,  Inc.,  Houston,  TX)  weighing  200-250  g 
were  housed  in  individual  stainless  steel  cages  and  maintained  on 
Purina  Chow1*  and  deionized  water  ad  libitum.  The  animals  were 
maintained  on  a  12:12  light: dark  schedule.  On  the  day  of  the 
study,  the  animals  were  anesthetized  with  sodium  pentobarbital  (35 
mg/kg  IP)  administered  through. a  25-ga  needle.  The  dorsal  area  was 
shaved.  Animals  were  placed  in  a  plexiglass  mold  designed  to 
expose  30%  of  the  total  body  surface  area.  Animals  in  the  30%  burn 
groups  (n-12)  were  exposed  to  100°C  water  for  10  sec  while  animals 
in  the  sham-burn  groups  (n-12)  were  exposed  to  water  at  room 
temperature.  Animals  randomized  to  the  silver  sulfadiazine  groups 
had  approximately  3  g  of  silver  sulfadiazine  cream  (Silvadene® 
Cream  1%,  Marion  Merrell  Dow  Inc.,  Kansas  City,  MO)  applied  over 
the  dorsal  area  daily.  Seven  days  postburn,  the  animals  were  again 
anesthetized  with  sodium  pentobarbital  (35  mg/kg  IP) .  A  ventral 
laparotomy  was  performed  and  the  animals  were  exsanguinated  via  the 
caudal  vena  cava. 

Zinc  and  copper  were  determined  in  plasma  diluted  1:3  with  20% 
TCA.  Tubes  were  heated  at  85°C  for  1  h,  centrifuged,  and  the 
supernatant  aspirated  into  an  atomic  absorption  spectrophotometer. 
Silver  and  selenium  were  determined  in  plasma  diluted  1:10  and 
1:100,  respectively,  with  0.1N  nitric  acid  and  aspirated  into  a 
graphite  furnace  atomic  absorption  spectrophotometer. 

Ceruloplasmin  was  determined  as  described  by  Curzon  and  Vallet 
(12) .  One  milliliter  of  plasma  was  diluted  with  1  ml  H20  and  2  ml 
0.2  M  sodium  acetate  (pH  5.5).  One  milliliter  of  N-dimethyl-p- 
phenylenediamine  was  added  to  each  tube  and  change  in  absorbance 
monitored  at  E5c0  nm.  One  unit  of  activity  was  defined  as  that 
quantity  of  ceruloplasmin  which  gave  a  change  in  E550  nm  of 
0 . 01/min . 

Determination  of  Number  of  Animals  Required.  Sample  size  was 
determined  as  described  by  Sokal  and  Rohlf  (13)  .  An  estimated 
ceruloplasmin  activity  was  obtained  from  a  published  study  of 
copper  deficiency  in  rats  (14).  Given  a  standard  deviation  of  63 
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U/l,  the  smallest  detectable  difference  of  52,  significance  level 
of  0.05,  and  the  desired  probability  that  a  difference  would  be 
found  to  be  significant  at  0.2,  n  was  estimated  to  be  6  rats  per 
group . 

Data  Analysis  Plan.  Data  were  analyzed  using  a  2  X  2  factorial 
ANOVA  (Program  2V,  BMDP  Statistical  Software,  Berkeley,  CA)  . 

RESULTS 

Data  for  plasma  silver,  copper,  zinc,  and  ceruloplasmin 
concentrations  are  shown  in  Table  1.  AgSD  markedly  elevated  plasma 
silver  concentrations  in  both  the  burned  and  sham-burned  animals. 
There  was  a  significant  (P  <  0.01)  effect  on  plasma  copper  and 
ceruloplasmin  concentrations  due  to  AgSD  treatment  but  not  due  to 
burn  injury.  Neither  AgSD  nor  burn  injury  affected  plasma  zinc  or 
selenium  concentrations. 


TABLE  1.  Plasma  Silver,  Copper,  Zinc,  and  Ceruloplasmin 
Concentrations  in  Burned  and  Sham-Burned  Rats  (Mean  ± 
SEM) 


_ Burn  Group _ 

Sham-Burn 

Group 

+  AcrSD 

-  AcrSD 

+  AcrSD 

—AcrSD 

Silver  (jigr/dl) 

54  ±  10 

<  2 

54  ±  14 

<  2 

Copper  (M.g/dl) 

48  ±  5 

113  ±  18 

45  ±  8 

105  ±  17 

Zinc  (jig/dl) 

117  ±  11 

123  ±  10 

131  ±  5 

105  ±  10 

Ceruloplasmin  (|i/l) 

3.2 

27 

6.3 

19.3 

DISCUSSION 

The  biological  effects  of  silver  toxicity  have  recently  been 
reviewed  (15) .  Although  the  risk  of  silver  toxicity  is  low  for  the 
human  population  as  a  whole,  the  antagonistic  effects  on  selenium 
and  copper  metabolism  cause  concern  for  individuals  having  low 
dietary  intakes  of  these  nutrients.  A  recent  report  (9)  that 
silver  ion  is  absorbed  through  the  burn  wound  in  severely  burned 
patients  treated  with  AgSD  justifies  concern  about  copper  and 
selenium  metabolism  in  these  patients. 

There  is  a  paucity  of  animal  research  concerning  the  absorption 
of  silver  and  possible  antagonistic  effects  of  such  absorption  on 
copper  and  selenium  metabolism  after  burn  injury.  Harrison  (16) 
studied  the  penetration  of  silver  in  burned  rats  using  AgSD  labeled 
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with  tracer  amounts  of  Ag110.  Although  the  silver  was  tenaciously 
attached  to  the  burn  wound  after  exhaustive  wet— sponge  treatment  to 
dislodge  the  cream,  blood  levels  of  Ag110  were  not  elevated  above 
background  levels  at  7,  14,  and  26  days  postburn.  This 

contradiction  with  the  present  study  may  reflect  the  fact  that  the 
detection  method  used  in  the  older  study  was  not  sensitive  enough 
for  the  low  specific  activity  of  the  AgSD  in  the  cream.  This 
contrasts  with  our  present  method  of  detecting  total  silver 
concentration  using  the  graphite  furnace  atomic  absorption 
spectrophotometer.  Furthermore,  Harrison  (16)  did  not  report  burn 
size. 

Sano  et  al  (17)  found  negligible  silver  in  the  blood  of  normal 
and  burned  rats  treated  with  AgSD  and  sacrificed  5  days  postburn. 
It  is  difficult  to  compare  the  results  of  that  study  with  the 
present  study  because  of  the  difference  in  burn  size  and  depth. 
Sano' s  study  used  an  80°C  burn  that  covered  only  4%  of  the  total 
body  surface  and  probably  was  not  full-thickness. 

Boosalis  et  al  (8)  have  reported  depressed  serum  copper  and 
ceruloplasmin  concentrations  in  patients  with  thermal  injury. 
These  findings,  coupled  with  increased  serum  silver  concentrations 
in  patients  with  thermal  injury  treated  with  AgSD  (9)  and  the 
present  study  showing  the  occurrence  of  increased  plasma  silver 
concentrations  and  impaired  copper  metabolism  in  a  burned  rat 
model,  raise  a  number  of  questions  concerning  the  nutritional 
supplementation  of  patients  with  thermal  injury. 

PRESENTATIONS 

Shippee  RL:  Effect  of  silver  sulfadiazine  on  copper  status  in 
rats  with  thermal  injury.  Presented  to  the  Federation  of  American 
Societies  for  Experimental  Biology,  Atlanta,  Georgia,  24  April 
1991 . 
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The  effects  of  PcIRV  were  compared  with  those  of  conventional 
ventilation  in  an  ovine  model  of  respiratory  failure  due  to  smoke 
inhalation.  Seven  sheep  were  exposed  to  doses  of  smoke  producing 
moderate  inhalation  injury.  After  24  h,  the  animals  were  intubated 
and  mechanically  ventilated  as  follows: 

First  Hour  =  Volume-controlled  (Vc)  ventilation  with  an  I/E 

of  1:2. 

Second  Hour  =  Pressure-controlled  (Pc)  ventilation  with  an 
I/E  of  1:1. 

Third  Hour  =  PcIRV  with  an  I/E  of  2:1. 

Fourth  Hour  =  PcIRV  with  an  I/E  of  4:1. 

Fifth  Hour  =  Vc  ventilation  with  an  I/E  of  1:2. 

Cardiopulmonary  functions  were  measured  every  30  min  during  the 
study . 

All  modes  of  Pc  ventilation  produced  significantly  greater  mean 
airway  pressure  and  lower  peak  inspiratory  pressure  and  expiratory 
minute  ventilation  volume  than  Vc  ventilation.  Such  ventilation 
did  not  improve  physiologic  shunt  or  oxygenation.  With  Pc 
ventilation,  pulmonary  vascular  resistance,  pulmonary  artery 
pressure,  and  pulmonary  capillary  wedge  pressure  were  greater  than 
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with  Vc  ventilation,  but  Pc  ventilation  had  no  significant  effect 
on  cardiac  output  or  systemic  blood  pressure. 

The  lower  peak  inspiratory  pressure  and  expiratory  minute 
ventilation  volume  observed  with  PcIRV  in  this  study  may  prevent 
barotrauma  during  mechanical  ventilation.  Oxygenation,  however, 
was  not  improved  by  PcIRV  after  smoke  exposure. 


644 


EFFECTS  OF  PRESSURE-CONTROLLED  INVERSE  RATIO  VENTILATION 
(PcIRV)  ON  SMOKE  INHALATION  INJURY  IN  AN  OVINE  MODEL 


Bronchopulmonary  injury  due  to  smoke  inhalation  is  a 
potentially  lethal  complication  of  burn  injury.  Such  inhalation 
injury  causes  acute  airway  inflammation  in  the  early  phase,  with 
subsequent  pulmonary  edema  and  infection.  In  the  early  phase, 
airway  occlusion  worsens  VA/QC  inequality  and  oxygenation  (1)  . 
Treatment  to  recruit  alveoli  and  prevent  airway  closure  has  the 
potential  to  improve  hypoxia  following  such  injury;  positive 
end-expiratory  pressure  (PEEP)  treatment  at  12  or  72  h  after  smoke 
inhalation  did  not  improve  oxygenation  in  an  ovine  model  (2) . 

PcIRV  has  been  reported  to  improve  oxygenation  and  prognosis  in 
patients  with  ARDS  (3-5) .  In  these  patients,  increased  mean  airway 
pressure  and  prolonged  inspiratory  time  are  thought  to  stabilize 
and  recruit  alveoli,  and  lower  peak  inspiratory  pressures  are 
thought  to  reduce  the  likelihood  of  barotrauma.  In  other  studies, 
however,  PcIRV  has  not  improved  oxygenation  in  some  patients  with 
severe  ARDS  (6,7).  The  difference  between  successful  and 
unsuccessful  use  of  PcIRV  has  not  been  clarified.  The  present 
study  was  designed  to  determine  the  effects  of  PcIRV  on  respiratory 
impairment  following  smoke  inhalation  in  a  sheep  model. 

MATERIALS  AND  METHODS 

Study  Design.  Sheep  were  exposed  to  doses  of  smoke  producing 
moderate  inhalation  injury.  After  24  h,  the  animals  were  intubated 
and  mechanically  ventilated  as  follows: 

First  Hour  =  Volume-controlled  (Vc)  ventilation  with  an  I/E 

of  1:2. 

Second  Hour  *  Pressure-controlled  (Pc)  ventilation  with  an 
I/E  of  1:1  (Pc  Mode  1) . 

Third  Hour  =  PcIRV  with  an  I/'E  of  2:1  (Pc  Mode  2)  . 

Fourth  Hour  =  PcIRV  with  an  I/E  of  4:1  (Pc  Mode  3). 

Fifth  Hour  =  Vc  ventilation  with  an  I/E  of  1:2. 

Cardiopulmonary  functions  were  measured  every  30  min  during  the 
study . 

Description  of  Procedures.  Seven  1-  to  2-yr  old  neutered  male, 
commercially  available,  random  source  3heep  weighing  35.2  ±  1.5  kg 
were  studied.  The  animals  were  housed  in  covered  outdoor  runs, 
treated  for  parasites  (1%  ivermectin,  1  ml/75  lb),  and  fed 

commercial  chow  and  water  ad  libitum.  Baseline  hematologic  data 
(CBC,  total  proteins,  and  blood  chemistries)  were  obtained  3  weeks 


before  study.  All  animals  were  fasted  for  24  h  before  smoke 
exposure  and  use.  The  animals  were  anesthetized  with  sodium 
pentobarbital  (25  mg/kg  IV,  Sigma  Chemical  Company,  St.  Louis,  MO)  , 
orally  intubated,  mechanically  ventilated,  placed  in  the  supine 
position,  and  catheterized.  Two  Silastic®  medical  grade  cannulae 
(30  cm)  were  inserted,  one  into  a  femoral  artery  and  one  in  a 
femoral  vein.  A  radiopaque  sheath  introducer  (8.5F)  was  inserted 
into  an  external  jugular  vein  using  sterile  technique.  A  Swan-Ganz 
catheter  (7.5F,  American  Edwards  Laboratories,  Irvine,  CA)  was 
inserted  through  the  sheath  into  the  external  jugular  vein.  After 
cannulation,  the  sheep  were  paralyzed  with  pancuronium  bromide 
(0.03  mg/kg  IM,  Astra  Pharmaceutical  Products,  Inc.,  Westboro,  MA) 
and  exposed  to  smoke  to  produce  a  moderate  degree  of  inhalation 
injury  as  previously  described  (8).  Immediately  after  smoke 
exposure,  each  animal  was  extubated  and  housed  in  an  individual 
cage  in  climate-controlled  facilities  at  74-76°F  (24-25°C)  with  a 
relative  humidity  of  40-50%  and  observed  while  spontaneously 
breathing  in  the  awake  state  for  24  h  after  smoke  insufflation. 

At  the  end  of  24  h,  the  animals  were  pretreated  with 
glycopyrrolate  (0.02  mg/kg  IM,  AH  Robins  Company,  Inc.,  Richmond, 
VA)  and  anesthetized  with  sodium  pentobarbital  (25  mg/kg  IV) .  The 
animals  were  then  paralyzed  with  pancuronium  bromide  (0.03  mg/kg 
IV)  and  intubated.  The  animals  were  positioned  prone  and 
mechanical  ventilation  using  a  Servo™  900C  ventilator 
(Siemens-Elerna,  Solna,  Sweden)  was  used  as  described  above. 

During  mechanical  ventilation,  the  tidal  volume  was  set  az  15 
ml/kg  and  the  respiratory  rate  was  controlled  to  maintain  a 
constant  PaC02.  FI02  was  kept  at  0.21  and  PEEP  at  5  cmH20 
throughout  the  study  period.  Pancuronium  bromide  (0.03  mg/kg, 
Astra  Pharmaceutical  Products,  Inc.)  was  given  every  1.5-2  h  to 
maintain  paralysis. 

Cardiopulmonary  variables  and  blood  gases  were  measured  before 
smoke  exposure,  before  mechanical  ventilation,  and  every  30  min 
during  mechanical  ventilation.  Respiratory  rate,  mean  airway 
pressure,  and  peak  inspiratory  pressure  were  monitored  by  the 
digital  display  of  the  ventilator.  Inspiratory  tidal  volume  and 
expiratory  minute  ventilation  volume  were  measured  by  a  Wright™ 
respirometer  (Mercury  Medical,  Clearwater,  FL)  .  Systemic  blood 
pressure,  pulmonary  artery  pressure,  central  venous  pressure,  and 
pulmonary  capillary  wedge  pressure  were  monitored  using  a  pressure 
monitor  (Model  78354A,  Hewlett-Packard  Company,  Waltham,  MA)  . 
Cardiac  output  was  measured  in  triplicate  by  the  thermodilution 
technique  (Cardiac  Output  Computer,  Model  9520A,  American  Edwards 
Laboratories) . 

Gas  analyses  of  arterial  and  mixed-venous  samples  were 
performed  using  an  IL  1303  pH/blocd  gas  analyzer  and  an  IL282 
CO-oximeter  (Instrumentation  Laboratories,  Inc.,  Lexington,  MA) . 
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An  esophageal  balloon  was  inserted  before  mechanical 
ventilation,  and  intrapleural  and  transpulmonary  pressures  were 
monitored  with  a  differential  transducer  (MP-451,  Validine 
Engineering  Corporation,  Northridge,  CA) .  Respiratory  flow  rates 
were  monitored  with  a  pneumotachograph  (Model  17212,  Gould,  Inc., 
The  Netherlands) .  These  respiratory  indices  were  recorded  every 
hour  during  the  §tudy  on  a  four-channel  recorder  (Model  7754A, 
Hewlett-Packard) .  Auto-PEEP  was  calculated  as  the  difference 
between  end-expiratory  intrapleural  pressure  and  the  airway  PEEP 
setting . 

Respiratory  index  (RI)  and  physiologic  shunt  (Qs/Qt)  were 
calculated  using  the  following  formulae: 

RI  =  (PA02-Pa02)  /Pa02 

Qs/Qt  (%)  =  100  X  (Cc02-Ca02) / (Cc02-Cv02) 

where  Pa02  indicates  arterial  02  pressure  (mmHg) ;  PA02,  alveolar  02 
pressure  (mmHg);  Ca02,  02  concentration  in  arterial  blood  (Vol%) ; 
CvC2,  02  concentration  in  mixed-venous  blood  (Vol%) ;  and  Cc02,  02 
concentration  in  pulmonary  capillary  blood. 

Statistical  Analysis.  All  data  are  shown  as  mean  and  standard 
error  of  mean.  One-  and  two-way  ANOVA  programs  (VAX  EMDP  Program 
7D)  were  utilized  for  comparisons  between  PC  ventilation  and  Vc 
ventilation  and  comparisons  among  the  three  different  Pc 
ventilation  modes.  Among  Pc  ventilation  modes,  mode  2  was  compared 
with  mode  1,  and  mode  3  was  compared  to  the  mean  of  modes  1  and  2. 
Differences  were  considered  significant  at  P  <  0.05. 

RESULTS 

Table  1  depicts  the  serial  changes  of  respiratory  indices 
during  this  study.  Mean  airway  pressure  was  elevated  significantly 
in  the  Pc  ventilation  modes  as  compared  with  the  Vc  ventilation 
modes  (P  <  0.0001).  In  the  three  Pc  ventilation  modes,  mean  airway 
pressure  increased  with  increasing  relative  duration  of  the 
inspiratory  phase  (P  <  O.OOOi). 

Peak  inspiratory  pressure  was  decreased  significantly  in  the  Pc 
ventilation  modes  as  compared  with  the  Vc  ventilation  modes  (P  < 
0.0001).  There  was  no  significant  difference  in  peak  inspiratory 
pressure  between  Pc  ventilation  modes  1  and  2,  but  the  peak 
inspiratory  pressure  was  elevated  significantly  in  mode  3  as 
compared  with  modes  1  and  2  (P  v  0.05) . 

Expiratory  minute  ventilation  volume  was  also  decreased 
significantly  with  the  Pc  ventilation  modes  as  compared  with  the  Vc 
ventilation  modes  (P  <  0.0001) .  There  were  no  significant 
differences  in  expiratory  minute  ventilation  among  the  three  Pc 
ventilation  modes. 
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TABLE  1.  Respiratory  Indices  (Mean  ±  SEM) 


Mean  Airway  Peak  Inspiratory  Expiratory  Minute 
Pressure  Pressure  Ventilation  Volume 

(c.mH20) _ (cmH20) _ (1/min) _ 


Presmoke 

8.1 

± 

0.3 

19.6 

± 

0.9 

6.76 

± 

0.27 

vcl-l 

8.1 

± 

0.3 

20.8 

± 

1.8 

7.54 

± 

0.56 

Vcl-2 

8.2 

± 

0.4 

21.0 

+ 

1.7 

6.71 

± 

0.54 

Pcl-1 

11.4 

0.6 

17 . 3 

± 

1 . 2 

6.04 

± 

0.31 

Pcl-2 

11.4 

± 

0.4 

16.4 

± 

1 . 1 

5.97 

± 

0.51 

Pc2-1 

13.5 

± 

0.6 

17.3 

± 

1 . 0 

6.26 

± 

0.35 

Pc2-2 

13.3 

± 

0.5 

15.6 

± 

1.0 

5.81 

± 

0.38 

Pc3-1 

15.3 

± 

0.4 

18 . 4 

± 

1  .  4 

5.56 

± 

0.25 

Pc3-2 

14 . 9 

± 

0.5 

16.6 

± 

0.9 

5.81 

± 

0.42 

Vc2-1 

8.3 

± 

0.3 

20 . 5 

± 

1 . 4 

6.40 

± 

0.59 

Vc2-2 

8.3 

± 

0.2 

20.5 

+ 

1 . 1 

6.42 

± 

0.66 

Vcl-l 

indicates 

30 

min 

after  using 

volume- 

-controlled  vent 

ilati< 

Vcl-2,  I  h  after  using  volume-controlled  ventilation;  Pcl-1,  30  min 
after  using  pressure-controlled  ventilation  at  an  I/E  ratio  of  1 : 1 
(mode  1);  Pcl-2,  1  h  after  using  pressure-controlled  ventilation  at 
an  I/E  ratio  of  1:1;  Pc2-1,  30  min  after  using  pressure-controlled 
ventilation  at  an  I/E  ratio  of  2 : 1  (mode  2);  Pc2-2,  1  h  after  using 
pressure-controlled  ventilation  at  an  I/E  ratio  of  2:1;  Pc3-1,  30 
min  after  using  pressure-controlled  ventilation  at  an  I/E  ratio  of 
4:1  (mode  3);  Pc3-2,  1  h  after  using  pressure-controlled 
ventilation  at  an  I/E  ratio  of  4:1;  Vc2-1,  30  min  after  using 
volume-controlled  ventilation;  and  Vc2-2,  1  h  after  using 
volume-controlled  ventilation. 


Flow  curves  indicated  that  expiratory  flow  returned  to  0  before 
the  beginning  of  the  inspiratory  phase  in  the  Vc  ventilation  modes 
and  Pc  ventilation  modes  1  and  2.  Auto-PEEP  was  not  detected  in 
these  modes.  In  Pc  ventilation  mode  3,  however,  expiratory  flow 
continued  until  interrupted  by  the  inspiratory  phase,  and  auto-PEEP 
between  0.7  and  1.7  cmH20  was  detected  in  5  animals. 

Table  2  shows  the  serial  changes  of  blood  gas  exchange  inoices 
during  this  study.  PaC02  and  Pa02  values  are  direct  readings  from 
the  electrode  set  at  37°C.  PaC02  was  controlled  by  altering 
respiratory  rates  and  did  not  change  significantly  during  the 
study . 
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TABLE  2.  Blood  Gas  Exchange  Indices  (Mean  ±  SEM) 


PaC02  Pa02  Respiratory  Physiologic 

(mmHq) _ (mmHq) _ Index _ Shunt 


Presmoke 

27.1 

± 

1.0 

94.1 

2 . 9 

0.242 

+ 

0.030 

3.5 

+ 

1.0 

Pretreatment 

30.1 

± 

1.0 

65.4 

± 

3.7 

0.769 

+ 

0.133 

22.7 

± 

5 . 7 

Vcl-1 

27.9 

± 

1.2 

7 1 . 4 

+ 

4.7 

0.556 

± 

0.128 

12.4 

± 

4.4 

Vcl-2 

27.1 

± 

1.0 

78.3 

± 

4.4 

0.529 

± 

0.121 

11.4 

± 

3.9 

Pcl-1 

28.1 

± 

1 . 3 

77 . 6 

4.2 

0.519 

± 

0.106 

14.0 

± 

4.0 

Pcl-2 

26.6 

± 

0.8 

80.4 

± 

4.7 

0.497 

± 

0.119 

10.8 

± 

3.9 

Pc2— 1 

27.3 

± 

1 . 0 

79.4 

± 

4.0 

0.491 

± 

0.093 

10.9 

± 

3.5 

Pc2— 2 

26.6 

± 

0.8 

81 . 1 

± 

4 . 2 

0.473 

± 

0.097 

9.7 

± 

3.3 

Pc3-1 

27.3 

± 

0.9 

79.6 

± 

4 . 2 

0.488 

± 

0.092 

10.0 

± 

3.5 

Pc3-2 

27.2 

± 

0.8 

81.0 

± 

4 . 0 

0.461 

± 

0.089 

9.4 

± 

3.3 

Vc2— 1 

28.8 

± 

1 . 1 

78.3 

± 

2 . 8 

0 .476 

± 

0.067 

11 . 9 

± 

3.1 

Vc2— 2 

27 . 2 

0.6 

80.6 

± 

3.2 

0.463 

± 

0.078 

9.3 

± 

2 . 3 

PaC02  and  Pa02  values  are  direct  readings  from  the  electrode  set 
at  37°C.  Vcl-1  indicates  30  min  after  using  volume-controlled 
ventilation;  Vcl-2,  1  h  after  using  volume-controlled  ventilation; 
Pcl-1,  30  min  after  using  pressure-controlled  ventilation  at  an  I/E 
ratio  of  1:1  (mode  1);  Pcl-2,  1  h  after  using  pressure-controlled 
ventilation  at  an  I/E  ratio  of  1:1;  Pc2-1,  30  min  after  using 
pressure-controlled  ventilation  at  an  I/E  ratio  of  2:1  (mode  2); 
Pc2-2,  1  h  after  using  pressure-controlled  ventilation  at  an  I/E 
ratio  of  2:1;  Pc3-1,  30  min  after  using  pressure-controlled 
ventilation  at  an  I/E  ratio  of  4 : 1  (mode  3);  Pc3-2,  1  h  after  using 
pressure-controlled  ventilation  at  an  I/E  ratio  of  4:1;  Vc2-1,  30 
min  after  using  volume-controlled  ventilation;  and  Vc2-2,  1  h  after 
using  volume-controlled  ventilation. 


Pa02  increased  during  the  first  hour  of  conventional 
ventilation,  but  did  not  improve  with  Pc  ventilation.  The 
respiratory  index  was  not  improved  with  Pc  as  compared  with  the  Vc 
ventilation  modes.  There  were  no  significant  differences  in  Pa02 
or  respiratory  index  among  the  three  Pc  ventilation  modes. 

Physiologic  shunt  decreased  significantly  with  a  change  from 
PcIRV  mode  1  to  2  (P  <  0.05).  As  a  whole,  it  did  not  decrease 
significantly  with  Pc  as  compared  with  Vc. 

Table  3  shows  the  hemodynamic  parameters  measured  during  this 
study.  Pulmonary  vascular  resistance,  mem  pulmonary  arterv 
pressure,  and  pulmonary  capillary  wedge  pressure  were  significantly 
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Hemodynamic  Indices  (Mean  ±  SEM) 
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elevated  in  the  Pc  ventilation  modes  as  compared  to  the  Vc 
ventilation  modes  (P  <  0.0001) .  In  the  three  Pc  ventilation  modes, 
pulmonary  vascular  resistance  increased  gradually  with  increasing 
I/E  (P  <  0.05).  Pulmonary  capillary  wedge  pressure  and  central 
venous  pressure  were  also  increased  significantly  with  PcIRV  mode 
3  as  compared  with  modes  1  and  2  (P  <  0.01)  . 

There  were  no  significant  differences  in  cardiac  index,  mean 
systemic  blood  pressure,  total  peripheral  resistance,  or  systemic 
oxygen  delivery  between  Pc  and  Vc  ventilation  modes.  The  cardiac 
index  did,  however,  decrease  significantly  with  the  use  of  Pc 
ventilation  mode  3  as  compared  with  modes  1  and  2  (P  <  0.01)  .  In 
mode  3,  mean  systemic  blood  pressure  did  not  change  significantly 
with  the  increase  of  total  peripheral  resistance  (P  <  0.01),  but 
systemic  oxygen  delivery  decreased  significantly  (P  <  0.01) . 

DISCUSSION 

Moderate  to  severe  smoke  inhalation  causes  progressive  airway 
inflammation  and  hypoxia.  Soon  after  exposure,  pseudomembranes 
formed  as  a  result  of  this  inflammatory  reaction  cause  extensive 
occlusion  of  small  airways.  Shimazu  et  al  (1)  reported  that  smoke 
inhalation  results  in  an  increase  in  shunt  and  low  VA/QC  areas, 
worsening  VA/QC  inequality  in  the  lung.  These  changes  predispose 
the  burn  patient  to  pulmonary  edema  and  pneumonia,  and  materially 
increase  mortality.  Cioffi  et  al  (9)  have  reported  that 
prophylactic  use  of  high-frequency  percussive  ventilation  reduces 
the  incidence  of  pneumonia  and  mortality  in  patients  with 
inhalation  injury  (9)  .  The  physiologic  mechanisms  responsible  for 
this  beneficial  effect  have  not  been  clarified. 

Therapy  designed  to  prevent  airway  closure  and  recruit  alveoli 
could  potentially  improve  oxygenation  in  inhalation  injury.  Abdi 
et  al  (10)  reported  that  the  use  of  PEEP  24  h  after  smoke  exposure 
decreased  bronchial  blood  flow,  which  is  thought  to  decrease  lung 
lymph  flow  and  pulmonary  edema.  Shimazu  et  al  (2),  however,  found 
that  PEEP  treatment  at  12  or  72  h  after  smoke  exposure  had  no 
positive  effect  on  oxygenation  in  an  ovine  model.  In  those 
studies,  PEEP  increased  dead  space  and  exerted  no  significant 
effect  on  shunt  or  low  VA/QC  areas  (2). 

PcIRV  has  been  reported  to  improve  oxygenation  and  prognosis  in 
patients  with  ARDS  (3-5) .  In  those  patients,  PcIRV  increased  mean 
airway  pressure  and  decreased  peak  inspiratory  pressure,  but  had  no 
significant  effect  on  cardiac  function.  The  prolonged  inspiratory 
phase  and  increased  mean  airway  pressure  were  thought  to  stabilize 
and  recruit  alveolar  units  and  prevent  airway  closure.  Concerning 
relationships  between  mean  airway  pressure  and  oxygenation,  Boros 
(11)  reported  that  arterial  oxygenation  correlated  best  with  mean 
airway  pressure  in  comparing  different  I/E  ratios  and  airway 
pressure  waves.  Bowe  et  al  (12),  however,  have  reported  that  mean 
airway  pressure  is  not  the  major  determinant  of  oxygenation,  and 
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that  the  elevation  of  mean  airway  pressure  has  the  potential  to 
reduce  venous  return  and  cardiac  output.  The  physiologic 
mechanisms  by  which  PcIRV  affects  oxygenation  in  patients  with  ARDS 
have  not  been  fully  defined. 

The  inspiratory  flow  pattern  of  PcIRV  is  a  rapidly  decaying 
curve,  and  differs  from  the  square  wave  flow  pattern  used  in  Vc 
ventilation.  This  special  flow  pattern  and  decreased  peak 
inspiratory  pressure  are  thought  to  prevent  overinflation  and  to 
protect  the  lung  from  barotrauma  (3) .  In  studies  by  Lachmann  et  al 
(13),  PcIRV  with  80%  inspiratory  time  significantly  reduced  the 
morphologic  evidence  of  injury  in  surfactant-deficient  rabbit 
lungs . 

There  are  conflicting  reports  concerning  the  effect  of  inverse 
ratio  ventilation  on  cardiopulmonary  function.  Hubmayr  et  al  (14) 
have  reported  that  the  reduction  in  peak  airway  pressure 
overestimates  the  decrease  in  alveolar  pressure  in  inverse  ratio 
ventilation.  Duncan  et  al  (15)  found  that  inadequate  expiratory 
time  in  Vc  inverse  ratio  ventilation  may  lead  to  occult  positive 
end-expiratory  pressure  (auto-PEEP) ,  with  possible  depression  of 
cardiac  output.  The  studies  of  Berman  et  al  (16)  indicate  no 
beneficial  effect  of  Vc  inverse  ratio  ventilation  in  a  canine  model 
of  aspiration.  There  are  also  reported  studies  in  which  PcIRV  did 
not  improve  oxygenation  in  patients  with  severe  ARDS  (6,7).  The 
underlying  reasons  for  these  differences  in  the  effects  of  PcIRV 
are  unknown. 

In  the  present  study,  three  modes  of  Pc  ventilation  with 
increasing  I/E  ratios  were  used  in  animals  with  moderate  inhalation 
injury  and  compared  with  conventional  Vc  ventilation.  During  Pc, 
increasing  relative  inspiratory  periods  were  achieved  by  plateauing 
airway  pressure  as  a  square  wave,  which  may  have  contributed  to  the 
elevation  of  mean  airway  pressure  and  the  decrease  of  peak 
inspiratory  pressure,  as  compared  with  the  triangular  pressure 
waves  of  the  Vc  ventilation  modes.  In  spite  of  the  elevation  of 
mean  arterial  pressure  in  the  Pc  ventilation  modes;  however, 
oxygenation  was  not  improved.  This  may  depend  on  some  difference 
between  airway  injury  by  smoke  inhalation  and  that  present  in  ARDS. 
Extensive  mechanical  small  airway  occlusion  and  pulmonary 
surfactant  deficiency  are  thought  to  make  it  difficult  to  recruit 
alveoli  after  smoke  inhalation,  and  the  inspiratory  pressure 
plateaus  used  in  this  study  may  not  have  been  high  enough  to  open 
occluded  small  airways  or  alveoli.  From  our  results,  mean  airway 
pressure  is  not  a  reliable  determinant  of  improved  oxygenation 
after  smoke  inhalation  injury. 

The  hemodynamic  changes  following  the  institution  of  PcIRV 
ventilation  in  this  model  are  different  from  those  reported  with 
PcIRV  in  ARDS  patients.  In  this  study,  pulmonary  artery  pressure 
was  elevated  with  increased  pulmonary  vascular  resistance,  and 
pulmonary  capillary  wedge  pressure  was  also  higher  than  with  Vc . 
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Elevation  of  mean  airway  pressure,  with  possible  air  trapping  in 
the  lung,  can  interfere  with  venous  return  and  pulmonary  blood 
flow.  With  Pc  at  an  I/E  ratio  of  4:1,  we  observed  reduced  cardiac 
output  and  a  reduction  of  systemic  oxygen  delivery.  At  this  ratio, 
auto-PEEP  was  detected  and  peak  inspiratory  pressure  was 
significantly  greater  than  with  the  Pc  ventilation  modes  with  lower 
I/E  ratios.  The  decrease  of  physiologic  shunt  effected  by  changing 
from  Pc  ventilation  mode  1  to  Pc  ventilation  mode  2  suggests  that, 
in  this  model,  this  ratio  may  approach  the  optimal  mode  for  further 
studies  of  PcIRV  in  inhalation  injury. 

A  significant  disadvantage  of  PcIRV  is  that  inverse  ratio 
ventilation  mandates  the  use  of  heavy  sedation  and  paralysis, 
possibly  enhancing  the  risk  of  pneumonia  (15) .  A  second  difficulty 
is  that  inspiratory  tidal  volume  is  dependent  upon  pulmonary 
compliance.  Clinical  application  would  demand  continuous 
monitoring  and  adjustment  of  pressure  settings. 

In  this  study,  each  Pc  ventilation  mode  was  used  for  1  h. 
Since  Greaves  et  al  (17)  have  reported  that  it  may  take  2-6  h  for 
the  beneficial  effects  of  inverse  ratio  ventilation  to  be  fully 
realized,  more  prolonged  tests  of  PcIRV  may  be  indicated. 

In  summary,  Pc  ventilation  modes  with  longer  inspiratory  phases 
decreased  peak  inspiratory  pressure  and  expiratory  minute 
ventilation  volume;  both  may  protect  against  barotrauma  during 
mechanical  ventilation.  Despite  increased  mean  arterial  pressure, 
oxygenation  was  not  improved  by  Pc,  and  Pc  with  an  I/E  ratio  of  4 : 1 
produced  auto-PEEP  and  depressed  cardiac  output. 
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effects  of  pentoxifylline  and  protein  kinase  C  inhibitor  ( H— 7 )  on  smoke 
inhalation  injury  in  an  ovine  model.  Twenty-four  sheep  will  be  divided  into 
three  groupv.  Group  I  (n-8)  will  receive  smoke  inhalation  injury  without 
treatment.  Group  II  (n-8)  will  receive  smoke  inhalation  injury  with 
continuous  infusion  of  pentoxifylline  postinjury,  and  Group  III  (n-8)  will 
receive  smoke  inhalation  injury  with  continuous  infusion  of  H-7  postmjury. 
Cardiopulmonary  variables  and  blood  gases  will  be  measured  presmoke  and  at  1, 
4,  8,  12,  16,  20,  and  24  h  po3tsmoke.  Measurement  of  VA/Q,.  using  the  multiple 
inert  gas  elimination  technique  will  be  performed  at  the  end  of  the  24-h 
stuuy  period.  After  blood  sample  collections,  bronchoalveolar  lavage  will  be 
performed  to  obtain  samples  from  the  lower  lung  lobes  for  measurement  of 
6-keto-PGF1(1,  thromboxane  B2,  and  conjugated  dienes.  Extravascular  lung  watei 
will  be  determined  by  a  gravimetric  method  upon  sacrifice.  ANOVA  for  a  mixed 
factorial  design  and  multivariate  analysis  (regression)  will  be  utilized. 
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and  the  US  Army  Institute  of  Surgical  Research  Animal  Care  and  Use  Committee 
during  the  third  quarter  of  Fiscal  Year  1991.  Equipment  and  supplies  have 
been  ordered  ana  work  will  be  initiated  shortly. 
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ABSTRACT 


PROJECT  NUMBER:  3A161101A91C,  In-House  Laboratory  Independent 
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PROJECT  TITLE:  Effects  of  Pentoxifylline  and  Protein  Kinase  C 

Inhibitor  (H-7)  on  Smoke  Inhalation  Injury  in  an 
Ovine  Model 

INSTITUTION:  US  Army  Institute  of  Surgical  Research,  Fort  Sam 

Houston,  San  Antonio,  Texas  78234-5012 

PERIOD  COVERED  IN  THIS  REPORT :  8  May  1991  -  30  September  1991 

INVESTIGATORS:  Hiroshi  Ogura,  MD 

William  G.  Cioffi,  Jr.,  MD,  Major,  MC 
Avery  A.  Johnson,  BS 

Carlin  V.  Okerberg,  DVM,  PhD,  Lieutenant  Colonel,  VC 

Paulette  Langlinais,  MS 

Basil  A.  Pruitt,  Jr.,  MD,  Colonel,  MC 


The  physiologic  changes  after  smoke  inhalation  injury  have  been 
observed  in  a  sheep  model  at  this  Institute.  The  influence  of 
medical  interventions  in  this  model,  however,  has  not  been 
thoroughly  investigated.  Pentoxifylline  and  H-7  have  the  potential 
to  inhibit  the  inflammatory  process  after  smoke  inhalation  injury. 
Therefore,  the  objective  of  this  study  is  to  determine  the 
physiologic  effects  of  pentoxifylline  and  protein  kinase  C 
inhibitor  (H-7)  on  smoke  inhalation  injury  in  an  ovine  model. 

Twenty-four  sheep  will  be  randomized  to  one  of  three  groups. 
Group  I  (n=8)  will  receive  smoke  inhalation  injury  without 
treatment.  Group  II  (n=8)  will  receive  smoke  inhalation  injury  with 
continuous  infusion  of  pentoxifylline  postinjury,  and  Group  III 
(n=8)  will  receive  smoke  inhalation  injury  with  continuous  infusion 
of  H-7  postinjury.  Cardiopulmonary  variables  and  blood  gases  will 
be  measured  presmoke  and  at  1,  4,  8,  12,  16,  20,  and  24  h 
po3tsmoke.  Measurement  of  VA/QC  using  the  multiple  inert  gas 
elimination  technique  will  be  performed  at  the  end  of  the  24-h 
study  period.  After  blood  sample  collections,  bronchoalveolar 
lavage  will  be  performed  to  obtain  samples  from  the  lower  lung 
lobes  for  measurement  of  6-keto-PGFla,  thromboxane  B2,  and 
conjugated  dienes.  Extravascular  lung  water  will  be  determined  by 
a  gravimetric  method  upon  sacrifice.  ANOVA  for  a  mixed  factorial 
design  and  multivariate  analysis  (regression)  will  be  utilized. 

This  3tudy  was  approved  by  the  USAISR  Research  Council  and  the 
US  Army  Institute  of  Surgical  Research  Animal  Care  and  Use 
Committee  during  the  third  quarter  of  Fiscal  Year  1991.  Equipment 
and  supplies  have  been  ordered  and  work  will  be  initiated  shortly. 
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EFFECTS  OF  PENTOXIFYLLINE  AND  PROTEIN  KINASE  C  INHIBITOR  (H-7) 
ON  SMOKE  INHALATION  INJURY  IN  AN  OVINE  MODEL 


The  physiologic  changes  after  smoke  inhalation  injury  have  been 
observed  in  a  sheep  model  at  this  Institute  (1) .  The  influence  of 
medical  interventions  in  this  model,  however,  has  not  been 
thoroughly  investigated.  Pentoxifylline  has  been  reported  to 
increase  RBC  and  WBC  deformability ,  low_r  blood  viscosity,  and 
cause  prostacyclin  release.  These  effects  are  thought  to  improve 
microcirculatory  blood  flow.  Recently,  pentoxifylline  has  been 
shown  to  decrease  production  of  TNF,  activity  of  IL1,  aggregation 
of  platelets,  and  function  of  activated  PMNs  (2)  .  These  effects 
are  thought  to  counter  the  cytokine-induced  inflammatory  process 
(3,4).  In  some  animal  endotoxin  shock  models,  pentoxifylline 
improved  the  survival  rate,  with  reduction  of  TNF  formation  and 
platelet  aggregation  (5, 6) .  In  hemorrhagic  shock  models,  the 
survival  rate  using  pentoxifylline  was  improved  in  association  with 
improved  tissue  oxygenation  (7,8).  Pentoxifylline  also  attenuated 
lung  edema  in  a  TNF-induced  lung  injury  model  (9)  and  a  proteolytic 
enzyme-induced  lung  injury  model  (10) . 

Protein  kinase  C  plays  a  potentially  key  role  in  modulating  the 
oxidative  response  of  neutrophils  (11)  .  In  the  endotoxic  shock 
state,  human  platelets  are  also  stimulated  by  the  modulation  of 
protein  kinase  C  by  endotoxic  lipid  A  (12).  Recently,  protein 
kinase  C  appeared  to  be  a  common  mediator  of  endothelial  cell 
activation  by  LPS,  TNF,  and  IL1  (13) .  H-7  is  thought  to  inhibit 
protein  kinase  C  by  competing  at  the  ATP-binding  site  (14) .  In 
animal  models,  H-7  reduced  PMA-induced  lung  edema  by  reducing 
albumin  leak  (15) .  Both  pentoxifylline  and  H-7  have  the  potential 
to  inhibit  the  inflammatory  process  after  smoke  inhalation  injury. 
Therefore,  the  objective  of  this  study  is  to  determine  the 
physiologic  effects  of  pentoxifylline  and  protein  kinase  C 
inhibitor  (H-7)  on  smoke  inhalation  injury  in  an  ovine  model. 

MATERIALS  AND  METHODS 

Study  Design.  Twenty-four  1-  to  2-year-old  neutered  male, 
commercially  available,  random  source  sheep  weighing  25-45  kg  will 
be  studied.  The  animals  will  be  housed  in  covered  outdoor  runs, 
treated  for  parasites  (1%  ivermectin,  1  ml/75  lb),  and  fed 
commercial  chow  and  water  ad  libitum.  Baseline  hematologic  data 
(CBC,  total  proteins,  and  blood  chemistries)  will  be  obtained  3  wk 
prior  to  study.  All  animals  will  be  fasted  for  24  h  before  smoke 
exposure  and  use.  The  animals  will  be  randomized  to  one  of  three 
groups.  Group  I  (n«8)  will  receive  smoke  inhalation  injury  without 
treatment,  Group  II  (n=8)  will  receive  smoke  inhalation  injury  with 
continuous  infusion  of  pentoxifylline  postinjury,  and  Group  III 
(n=8)  will  receive  smoke  inhalation  injury  with  continuous  infusion 
of  H-7  postinjury. 
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All  animals  will  be  anesthetized,  orally  intubated, 
mechanically  ventilated,  placed  in  the  supine  position,  and 
catheterized .  Cannulae  will  be  placed  in  a  femoral  artery  and  a 
femoral  vein.  A  radiopaque  sheath  will  be  placed  into  an  external 
jugular  vein  and  a  Swan-Ganz  catheter  will  be  inserted  through  the 
sheath.  Smoke  inhalation  injury  will  be  produced  by  smoke 
insufflation  at  a  dose  that  produces  a  carboxyhemoglobin  level  of 
50-60%  (moderate  injury) .  After  smoke  exposure,  the  animals  will 
be  extubated  and  observed  in  the  awake  state  for  24  h.  Group  I 
will  not  receive  any  treatment  with  pentoxifylline  or  H-7 .  Group 
II  will  receive  pentoxifylline  as  a  bolus  intravenous  injection 
just  after  smoke  exposure  and  a  continuous  intravenous  infusion  for 
24  h.  Group  III  will  receive  H-7  as  a  bolus  intravenous  injection 
just  after  smoke  exposure  and  a  continuous  intravenous  infusion  for 
24  h.  At  the  end  of  24  h,  the  animals  will  be  anesthetized  with 
sodium  pentobarbital,  orally  intubated,  mechanically  ventilated, 
and  placed  in  the  prone  position.  The  animals  will  then  be 
paralyzed  with  pancuronium  bromide,  VA/QC  measurements  will  be 
obtained,  and  bronchoalveolar  lavage  will  be  performed. 

During  mechanical  ventilation,  the  tidal  volume  will  be  set  at 
15  ml/kg  and  the  respiratory  rate  will  be  12/min.  PEEP  will  be  5 
cmH20  and  FI02  will  be  kept  at  0.21  throughout  the  study  period. 

Cardiopulmonary  variables  and  blood  gases  will  be  measured 
presmoke  and  at  1,  4,  8,  12,  16,  20,  and  24  h  postsmoke. 
Cardiopulmonary  measurements  will  include  systemic  blood  pressure, 
heart  rate,  pulmonary  artery  pressure,  pulmonary  capillary  wedge 
pressure,  cardiac  output,  and  pulmonary  resistance.  Arterial  and 
mixed  venous  blood  samples  will  be  analyzed  for  blood  gases.  Blood 
samples  for  the  measurement  of  6-keto-PGFla,  thromboxane  B2,  and 
conjugated  dienes  will  be  drawn  at  the  same  time. 

Measurement  of  VA/QC  using  the  multiple  inert  gas  elimination 
technique  (MIGET)  will  be  performed  at  the  end  of  the  24-h  study 
period.  Lactated  Ringer's  solution  containing  six  inert  gases  will 
be  infused.  After  30  min  when  equilibrium  of  gas  exchange  occurs, 
arterial  and  mixed  venous  blood  samples  will  be  obtained. 
Mixed-expired  gas  will  be  collected  from  a  temperature-controlled 
copper  coil  about  1  min  after  blood  sampling.  Blood  and  expired 
gas  samples  will  be  immediately  analyzed  by  GC . 

After  blood  sample  collections,  bronchoalveolar  lavage  will  be 
performed  to  obtain  samples  from  the  lower  lung  lobes  for 
measurement  of  6-keto-PGFla,  thromboxane  B2,  and  conjugated  dienes. 
Extravascular  lung  water,  determined  by  a  gravimetric  method  (16), 
will  be  determined  after  sacrifice. 

Description  of  Procedures.  Prior  to  smoke  exposure,  two 
Silastic®  medical  grade  cannulae  (-0  cm)  will  be  inserted  into  a 
femoral  artery  and  femoral  vein  and  one  radiopaque  sheath 
introducer  (8.5F)  will  be  inserted  into  an  external  jugular  vein 
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using  sterile  technique  after  general  anesthesia  (sodium 
pentobarbital,  35  mg/kg  IV) .  The  arterial  line  will  be  used  for 
obtaining  blood  samples  for  blood  gas  analyses.  The  venous  line 
will  be  used  for  infusion  of  the  solution  containing  the  six  inert 
gases  (sulfur  hexafluoride,  krypton,  cyclopropane,  halothane, 
diethyl  ether,  and  acetone)  co  measure  VA/QC  inequality  using  the 
MIGET.  A  Swan-Ganz  catheter  (7F,  American  Edwards  Laboratories, 
Irvine,  CA)  will  be  inserted  through  the  sheath  in  the  jugular  vein 
into  the  pulmonary  artery.  Smoke  insufflation  resulting  in  a 
moderate  inhalation  injury  will  be  produced  by  the  method  developed 
at  this  Institute  (1)  .  Animals  in  Group  I  will  not  receive  any 
treatment  with  pentoxifylline  or  ri-7 .  Animals  in  Group  II  will  be 
administered  pentoxifylline  (Hoechst-Roussel  Pharmaceuticals,  Inc., 
Sommerville,  NJ)  as  a  bolus  injection  (20  mg/kg  IV)  immediately 
after  smoke  exposure  and  a  continuous  infusion  (6  mg/kg/h)  for  a 
24-h  period.  Animals  in  Group  III  will  be  administered  H-7 
(Seikagaku  America,  Inc.,  St.  Petersburg,  FL)  as  a  bolus  injection 
(1  mg/kg  IV)  immediately  after  smoke  exposure  and  a  continuous 
infusion  (0.3  mg/kg/h  IV)  for  a  24-h  period.  After  smoke  exposure, 
each  animal  will  be  extubated  upon  recovering  3wallowing/gag 
reflexes  and  regaining  consciousness,  housed  in  an  individual  cage 
in  climate-controlled  facilities  at  74-76°F  (24-25°C)  with  a 
relative  humidity  of  40-50%,  and  observed  while  spontaneously 
breathing  in  the  awake  state  for  24  h  after  smoke  insufflation.  At 
the  end  of  24  h,  the  animals  will  again  be  anesthetized  with  sodium 
pentobarbital  (35  mg/kg  IV)  ,  orally  intubated,  paralyzed  with 
pancuronium  bromide  (0.03-0.04  mg/kg,  Pavulon®,  Organor. 
Pharmaceuticals,  West  Orange,  NJ)  ,  and  placed  in  the  prone 
position . 

Cardiopulmonary  variables  and  blood  gases  will  be  measured 
presmoke  and  at  1,  4,  8,  12,  16,  20,  and  24  postsmoke. 
Cardiopulmonary  measurements  will  include  systemic  blood  pressure, 
heart  rate,  pulmonary  artery  pressure,  pulmonary  capillary  wedge 
pressure,  cardiac  output,  and  pulmonary  resistance.  Pulmonary 
artery  pressure  will  be  monitored  with  Statham  P23Db  transducers 
(Statham  Instruments,  Oxnard,  CA)  and  systemic  arterial  pressure 
will  be  monitored  with  a  Hewlett-Packard  1290A  quartz  transducer 
(Hewlett-Packard  Company,  Waltham,  MA)  .  These  pressures  will  be 
recorded  on  a  Hewlett-Packard  four-channel  recorder  (Model  7754A) . 
Cardiac  output  will  be  measured  in  triplicate  by  the  thermodilution 
technique  (Cardiac  Output  Computer,  Model  9520A,  American  Edwards 
Laboratories) . 

Arterial  and  mixed-venous  blood  samples  will  be  analyzed  for 
blood  gases.  Blood  gas  analyses  will  be  performed  using  an  IL1303 
pH/blood  gas  analyzer  and  an  IL282  CO-oximeter  (Instrumentation 
Laboratories,  Inc.,  Lexington,  MA) .  Blood  samples  for  measurement 
of  6-keto-PGFla,  thromboxane  B2,  and  conjugated  dienes  will  be  drawn 
at  the  same  time.  After  centrifugation,  the  plasma  of  these 
samples  will  be  stored  at  -70°C  for  possible  future  testing.  Due 
to  the  expense  of  such  measurements,  the  assays  will  be  performed 
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only  if  expected  pathophysiological  changes  are  seen.  Thromboxane 
B2  and  6-keto-PGF3 a,  the  stable  derivations  of  thromboxane  A2  and 
PGI2,  will  be  measured  by  RIA  (17) .  Conjugated  dienes,  products  of 
lipid  peroxidation,  will  be  determined  by  techniques  described  by 
Ward  et  al  (18)  .  They  will  be  read  at  an  optical  density  of  233  nm 
in  a  spectrophotometer. 

Measurement  of  VA/QC  using  the  MIGET  will  be  performed  at  24  h 
after  smoke  exposure  (19).  Lactated  Ringer's  solution  containing 
six  inert  gases  (sulfur  hexafluoride,  ethane,  cyclopropane, 
halothane,  diethyl  ether,  and  acetone)  will  be  infused  at  a  rate  of 
0.1  ml/kg/min.  After  30  min  when  equilibrium  of  gas  exchange 
occurs,  arterial  and  mixed-venous  blood  (10  cc  each)  will  be  drawn 
anaerobically  into  preweighed,  heparinized  syringes  (30  ml, 
matched,  glass,  Becton,  Dickinson,  and  Company)  simultaneously. 
Mixed-expired  gas  will  be  collected  from  a  temperature-controlled 
copper  coil  (OD  =  3.49  cm,  L  =  620  cm)  about  1  min  after  blood 
sampling,  compensating  for  the  delay  of  the  mixing  chamber.  Blood 
and  expired  gas  samples  will  be  immediately  analyzed  by  GC. 

After  sample  collections,  bronchoalveolar  lavage  will  be 
performed  with  a  bronchofiberscope  (Olympus  CLV-10)  to  obtain 
samples  from  the  lower  lung  lobes  for  measurement  of  6-keto-PGFla , 
thromboxane  B2,  and  conjugated  dienes.  Twenty  milliliters  of  0.9% 
sterile  saline  will  be  infused  in  the  suction  port  by  the  use  of  a 
syringe  on  a  three-way  stopcock.  The  fluid  will  be  immediately 
pulled  back  with  suction.  This  process  of  lavage  and  suction  will 
be  repeated  five  times  (total  fluid  =  100  ml)  . 

Extravascular  lung  water,  determined  by  a  gravimetric  method 
(16),  will  be  measured  after  sacrifice. 

Necropsies  will  be  performed  on  all  animals  dying  spontaneously 
or  sacrificed  at  the  end  of  the  study.  A  complete  set  of  tissues 
will  be  fixed  in  10%  neutral  buffered  formalin,  processed  by 
standard  methods,  and  stained  with  hematoxylin-eosin .  Histologic 
evaluation  with  light  microscopy  will  be  performed  on  the  lung 
tissue  of  all  animals  for  quality  control  and  to  establish  the 
extent  of  pulmonary  injury,  edema  formation,  and  neutrophil  and 
platelet  aggregation.  Tissue  will  be  collected  for  transmission 
and  scanning  electron  microscopy,  fixed  in  2.5%  glutaraldehyde,  and 
processed  as  indicated. 

Determination  of  Number  of  Animals  Required.  Eight  animals  per 
group  for  a  total  of  24  animals  should  be  satisfactory  for  adequate 
data  collection  as  a  pilot  study. 

Data  Analysis  Plan.  ANOVA  for  a  mixed  factorial  design  and 
multivariate  analysis  (regression)  will  be  utilized. 
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RESULTS 


This  study  was  approved  by  the  USAISR  Research  Council  and  the 
US  Army  Institute  of  Surgical  Research  Animal  Care  and  Use 
Committee  during  the  third  quarter  of  Fiscal  Year  1991. 

DISCUSSION 

Equipment  and  supplies  have  been  ordered  and  work  will  be 
initiated  shortly. 


PRESENTATIONS/PUBLICATIONS 


None . 
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ABSTRACT 


PROJECT  NUMBER:  3A161101A91C,  In-House  Laboratory  Independent 
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PROJECT  TITLE:  Endocrine  Responses  of  the  Burned  Rat  to  Infection 

and  Tumor  Necrosis  Factor  (TNF)  Challenge 

INSTITUTION:  US  Army  Institute  cf  Surgical  Research,  Fort  Sam 

Houston,  San  Antonio,  Texas  78234-5012 

PERIOD  COVERED  IN  THIS  REPORT:  21  August  1991  -  30  September  1991 

INVESTIGATORS:  Khan  Z.  Shirani,  MD,  Colonel,  MC 

George  M.  Vaughan,  MD,  Colonel,  MC 
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Carlin  V.  Gkerberg,  DVM,  PhD,  Lieutenant  Colonel,  VC 
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Major  changes  in  thyroid,  adrenal,  and  sympathetic  function  and 
in  metabolism  occur  in  severe  injury  and  illness  and  are  maintained 
for  days  or  weeks.  Currently,  very  little  is  known  about  how  these 
changes  come  about  and  how  they  relate  to  one  another.  The 
objective  of  this  work  is  to  determine  if  the  endocrine  and 
metabolic  responses  in  burns  are  TNF-mediated  and  to  assess  whether 
infection  and  antibiotic  therapy  can  modify  those  responses. 

One  hundred  and  sixty  rats  will  be  assigned  to  one  of  16  groups 
to  assess  the  hormonal  and  metabolic  influences  of  burn  injury, 
Pseudomonas  infection,  and  TNF  infusion.  Body  weight,  mortality, 
bacteriologic  observations,  food  and  water  intake,  urinary 
excretion  variables,  oxygen  consumption,  heat  production,  metabolic 
rate,  core  temperature,  heart  rate,  and  motor  activity  will  be 
assessed  as  influenced  by  burn,  infection,  infection  treatment,  and 
TNF  infusion  with  suitable  ANOVA  and  regressional  models.  For 
those  variables  collected  at  multiple  times  in  a  24-period  (mainly 
temperature,  heart  rate,  and  motor  activity,  and  perhaps  metabolic 
rate) ,  rhythm  analysis  will  be  included  with  standard  cosinor 
models . 


ENDOCRINE  RESPONSES  OF  THE  BURNED  RAT  TO  INFECTION 
AND  TUMOR  NECROSIS  FACTOR  (TNF)  CHALLENGE 


Both  infection  and  the  administration  of  TNF  produce  metabolic 
changes  such  as  fever,  increased  energy  expenditure,  negative 
nitrogen  balance,  and  muscle  wasting  that  are  commonly  seen  in 
patients  with  ourn  injury.  It  is  possible  that  infection-induced 
TNF  release  is  involved  in  mediating  the  metabolic  and  hormonal 
responses  associated  with  thermal  injury.  Several  studies  indicate 
the  involvement  of  TNF  in  the  control  of  metabolic  responses  to 
injury  and  infection. 

A  single  intravenous  injection  Escherichia  coli  endotoxin  (4 
ng/kg)  in  normal  human  volunteers  resulted  in  increased  TNF 
production  that  peaked  between  90-180  min  and  caused  leukocytosis, 
fever,  and  a  rise  in  ACTH  concentrations  (1) . 

An  endotoxin  bolns  (20  U/kg)  in  humans  increased  plasma  TNF 
levels  within  90  min,  resulted  in  an  elevated  total  body  oxygen 
consumption  by  40%,  increased  splanchnic  glucose  output,  and 
augmented  splanchnic  blood  flow  by  91%.  The  peripheral  output  of 
lactate  and  free  fatty  acids  and  also  the  glucose  uptake  by  the 
periphery  increased.  Arterial  cortisol  rose  within  2  h  of 
endotoxin  challenge  and  remained  elevated  during  the  6-h  study 
period.  Arterial  epinephr -  *  rose  between  1-2  h.  Glucagon  and 
insulin  did  not  change  ( 2 > 

Studies  from  this  Institute  in  burn  patients  with  bacteremia 
have  shown  findings  similar  to  those  seen  with  endotoxin  infusion 
and  TNF  actions,  i .  t. .  ,  enhanced  splanchnic  blood  flow,  increased 
oxygen  consumption,  increased  lactate  and  amino  acid  uptake,  and 
glucose  output  by  the  visceral  bed  (3). 

Rats  receiving  sublethal  bolus  injections  of  TNF  became 
tolerant  after  4  days,  their  food  intake  increased,  and  their 
nitrogen  balance  resembled  that  of  saline-treated  animals. 
Conversely,  a  continuous  infusion  of  the  same  dosage  of  TNF  in  the 
rat  produced  anorexia,  weight  loss,  loss  of  body  proteins  and 
lipids,  generalized  edema,  and  a  56%  mortality  over  the  8-day 
infusion  period,  indicating  that  the  mode  of  administration 
determines  TNF  actions  (4). 

A  single  intravenous  injection  of  3%  and  12%  of  lethal  TNF  dose 
(90  /ig/100  g)  in  normal  versus  adrenalectomi  zed  rats  caused  50'1  and 
100%  mortality,  respectively.  The  increased  sensitivity  to  TNF  in 
the  adrenalectomi zed  rat  was  associated  with  hypothermia  and  severe 
hypoglycemia.  The  hypoglycemia  resulted  from  the  lack  of 
glucocorticoid-mediated  glucose  homeostasis  and  was  reversible  when 
the  rats  were  treated  with  dexamethasone  or  glucose,  suggesting  the 
protective  role  of  steroids  in  acute  injury  (5). 
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A  continuous  TN5,  infusion  over  1-6  days  increased  adrenal 
weight  and  plasma  corticotrophin  levels  in  the  rat.  Corticosterone 
or  TNF,  when  infused  over  6  days,  resulted  in  marked  nitrogen  loss, 
but  only  TNF  infusion  resulted  in  increased  liver  nitrogen  content 
and  reduced  jejunal  mucosal  DNA  protein,  suggesting  an  anabolic 
effect  of  TNF  on  liver  and  a  catabolic  effect  on  intestine  (6) . 

Studies  at  this  Institute  in  rats  receiving  30%  total  body 
surface  area  burns  and  seeded  with  multiple  strains  of  bacteria 
revealed  that  oxygen  consumption  increased  in  the  bacteremic 
animals  by  40-80%,  and  in  the  infected  but  nonbacteremic  animals  by 
21-28%.  Further,  topical  mafenide  acetate  application  limited  the 
rise  in  oxygen  consumption  due  to  gram-negative,  but  not 
gram-positive,  wound  infection  (7)  . 

A  10-day  continuous  infusion  of  TNF  (-100  Mg/kg/day)  in  the  rat 
produced  anorexia,  hypermetabolism,  hyperglycemia,  increased  BUN, 
increased  brain  tryptophan  and  5-hydroxy indole-3-acet ic  acid,  and 
significant  loss  of  muscle  mass,  and  gain  in  liver,  heart,  and  lung 
mass  with  associated  increase  in  organ  DNA  and  protein  content . 
TNF-mediated  hypermetabolism  produces  visceral  anabolic  effects  at 
the  expense  of  loss  of  skeletal  muscle  mass  (8). 

Short-term  incubation  (30-60  min)  with  TNF  neither  stimulated 
lipolysis  in  rat  adipocytes  nor  did  it  influence  glycogenolysis  or 
gluconeogenesis  in  the  hepatocytes.  However,  when  adipocytes  were 
preincubated  with  TNF,  the  adrenaline-stimulated  fatty  acid  release 
was  increased  (9). 

Coinfusion  of  TNF  with  IL1  in  the  rat  increased  net  hepatic 
anabolism  at  the  expense  of  skeletal  protein  breakdown,  suggesting 
that  TNF  facilitates  the  metabolic  actions  of  IL1  (10)  . 

A  4-h  TNF  infusion  in  the  rat,  either  alone  or  together  with 
I  LI ,  raised  the  body  temperature  by  1.8JC,  caused  a  40i  reduction 
in  serum  zinc  and  iron,  and  produced  45%  neutrophilia.  TNF  or  TNF 
plus  IL1,  but  not  IL1  alone,  increased  proteolysis  (11)  . 

Plasma  IL1  and  TNF  levels  were  measured  by  RIA  in  normal 
subjects,  septic  patients,  and  endotoxin-infused  volunteers.  With 
endotoxin  infusion,  IL1  increased  from  35  pg/ml  to  69  pg/'ml  at  3  h 
and  TNF  levels  rose  >  500  pg/ml  in  90  min  in  human  volunteers. 
ILlfi  was  62  pg/ml  in  normal  subjects  and  120  pg/ml  in  septic 
patients.  TNF  concentrations  were  73  pg/ml  in  normal  subjects  and 
>  119  pg/ml  in  septic  patients.  TNF  concentrations  were  correlated 
with  disease  severity  in  the  septic  patients,  such  that  higher  IL1 
levels  were  associated  with  patient  survival  (12). 

Several  of  the  metabolic  responses  to  injury  can  be  reproduced 
by  the  infusion  of  hormones  (13,14)  or  cytck  nes  (1,15).  The 
increased  whole-body  proteolysis  measured  by  plasma  leucine  flux, 
observed  with  the  earlier  preparations  of  IL1  (16,  l7)  lias  not  been 
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reproduced  in  subsequent  studies  with  recombinant  IL1,  indicating 
that  the  catabolic  effects  seen  with  crude  preparations  of  IL1 
might  have  been  due  to  contamination  of  previous  IL1  preparations 
with  other  macrophage  products  (18) . 

Taken  together,  the  above  studies  indicate  that  endotoxin 
stimulates  TNF  production  and  that  TNF,  in  turn,  mediates  some  of 
the  metabolic  and  hormonal  responses  to  injury  and  infection  by 
inducing  the  release  and  modifying  the  actions  of  other  cytokines 
and  hormones.  What  has  not  been  accomplished  is  observation  of  the 
effects  of  continuous  exposure  to  TNF  over  a  1-2  week  time  period, 
which  might  simulate  the  prolonged  flow  phase  of  injury,  with 
simultaneous  measurement  of  metabolic  rate  and  the  responses  in 
hormonal  systems  showing  major  changes  after  injury.  We, 
therefore,  plan  to  investigate  the  hormonal,  metabolic,  and  TNF 
changes  and  mortality  in  the  rat  with  untreated  or 
antibiotic-treated  experimental  infection  of  the  burn  wound  with 
Pseudomonas  aeruginosa  (Strain  1244) .  We  will  also  infuse  TNF  over 
a  10-day  to  2-week  period  to  assess  whether  continuous  infusion  of 
this  hormone  reproduces  the  metabolic  disturbances  associated  with 
burn  wound  infection. 


MATERIALS  AMD  METHODS 

Design.  One  hundred  and  sixty  male  Sprague-Dawley  rats 
weighing  180-200  g  will  be  assigned  to  one  of  16  groups  to  assess 
the  hormonal  ar.d  metabolic  influences  of  burn  injury.  Pseudomonas 
infection,  and  TNF  infusion  as  indicated  in  Table  1. 


TABLE  1.  Animal  Group  Designations 


Group 

Description 

n  = 

C 

20h  sham  burn 

10 

B 

20  b  TBSA  burn 

1C 

B I 

20'*,  TBSA  burn  + 

infection 

10 

BP24 

20b  TBSA  burn  + 

infection  +  piperacillin  sodium 

0 

24  h 

10 

BP  7 2 

20b  TBSA  burn  + 

infection  +  piperacillin  sodium 

0 

7  2  h 

10 

TNF 

Osmetic  pump  + 

buffer 

10 

TNFi 

Osmotic  pump  + 

10  fj-g/kg  TNF /day 

10 

TNF2 

Osmotic  pump  + 

30  /^g/kg  TNF/'day 

10 

TNF3 

Osmotic  pump  + 

100  Mg /kg  TNF/day 

10 

PF 

Pair-fed  controls  for  Groups  B,  BI,  BP24,  BP72, 

TNFI, 

70 

TNF 2,  and  TNF3 

6^2 


Description  of  Procedures.  One  hundred  and  sixty  healthy  adult 
male  Sprague-Dawley  rats  weighing  180-200  g  will  be  used  for  this 
study.  Animals  will  be  housed  in  individual  metabolic  cages  in  a 
14:10  h  light : dark-cycled  room  at  a  constant  30°C  ambient 
temperature  and  fed  tap  water  and  standard  laboratory  chow  ad 
libitum.  All  animals  will  be  observed  for  a  period  of  2  weeks 
ppior  to  use  to  exclude  the  possibility  of  any  preexisting  disease. 

After  the  2-week  acclimatization  period,  a  temperature 
monitoring  transmitter  (Mini-Mitter ,  Inc,  Sun  River,  OR)  will  be 
placed  intraperitoneally  in  all  animals  for  daily  monitoring  of 
body  temperature,  heart  rate,  and  activity  without  handling  the 
animals.  Animals  will  be  then  be  allowed  to  recover  for  5-7  days. 

Animals  in  Groups  B,  BI,  BP24,  BP72,  and  C  (n=10  each)  will  be 
anesthetized  with  sodium  pentobarbital  (35  mg/kg  IP)  administered 
through  a  25-ga  needle.  The  dorsal  area  will  be  shaved.  Animals 
will  be  placed  in  a  plexiglass  mold  designed  to  expose  20%  of  the 
total  body  surface  area  (TBSA)  .  Animals  in  the  20%  TBSA  burn 
groups  (designated  as  B)  will  be  exposed  to  100°C  water  for  10  sec 
while  animals  in  the  20%  TBSA  sham  burn  group  (Group  C)  will  be 
exposed  to  water  at  room  temperature. 

The  burn  wounds  of  animals  in  Groups  BI,  BP24,  and  BP72  will  be 
painted  with  10fi  cfu  Pseudomonas  aeruginosa  (Strain  1244).  An 
aliquot  of  frozen  Pseudomonas  aeruginosa  will  be  incubated  in 
trypticase  soy  broth  for  a  period  of  18  h  at  a  temperature  of  37°C 
in  a  shaker  bath.  The  bacterial  suspension  will  then  be 
centrifuged  at  3000  rpm  for  5  min  and  the  resulting  bacterial 
pellet  will  be  washed  three  times  in  normal  saline  solution.  After 
the  final  wash,  the  pellet  will  be  resuspended  in  sufficient  normal 
saline  to  achieve  a  final  concentration  of  10s  cfu/ml .  This 
suspension  will  be  applied  to  the  animals'  burn  wounds  at  15  min 
postburn . 

Animals  in  Groups  BP24  and  BP72 '  will  be  administered 
piperacillin  sodium  (30  mg/kg  SC)  every  12  h  beginning  at  24 
(Group  BP24)  or  72  h  (Group  BP72)  postinfection,  for  a  period  of  6 
days.  Based  on  previous  experience,  we  expect  infected  animals  to 
succumb  within  2  weeks  of  infection  and  antibiotic-treated  animals 
to  survive  for  varying  lengths  of  time. 

Animals  in  Groups  TNF,  TNF1,  TNF2,  and  TNF3  (n=10  each)  will  be 
anesthetized  with  sodium  pentobarbital  (35  ng/kg  IP)  administered 
through  a  25-ga  needle.  A  small  subcutaneous  incision  will  be  made 
cn  the  dorsal  area  of  skin  and  an  osmotic  pump  (Alzet™,  Alza 
Corporation,  Palo  Alto,  CA)  will  be  implanted.  The  incision  will 
be  closed  with  a  monofilament  suture.  The  osmotic  pump  will  allow 
for  a  constant  rate  continuous  infusion  of  buffer  or  TNF.  Animals 
in  Group  TNF  will  be  administered  diluent  buffer,  Group  TNF  1  will 
be  administered  recombinant  human  TNF  (Genentec'n,  Inc.,  South  San 
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Francisco,  CA)  at  10  Mg/kg/day,  Group  TNF2  at  30  Atg/kg/day,  and 
Group  TNF3  at  100  /^g/kg/day. 

Food  intake  of  animals  assigned  to  Groups  B,  BI,  BP24,  BP72, 
TNF1,  TNF2,  and  TNF3  will  be  assessed  daily  to  determine  the  amount 
of  food  that  the  pair-fed  animals  in  Group  PFC  will  receive  the 
next  day. 

Housing  of  animals  individually  in  metabolic  cages  will  allow 
measurement  of  food  intake,  water  intake,  and  urine  output  as  well 
as  urinary  excretion  of  electrolytes,  nitrogen,  catecholamines,  and 
corticosterone . 

Blood  samples  from  the  tail  vein  will  be  drawn  using  a  27-ga 
needle  in  restrained  surviving  animals  7  day3  after  the  time  of 
burn  or  osmotic  pump  implantation  for  determination  of  thyroid 
hormones  T4  and  T3,  free  T4  by  dialysis,  T3U,  corticosterone,  and 
recombinant  human  TNF.  A  second  blood  sample  will  be  obtained  on 
day  14  (trunk  blood)  upon  sacrifice  of  the  animals  by  decapitation 
for  determination  of  the  above  variables  as  well  as  electrolytes, 
glucose,  BUN,  and  creatinine.  TNF  will  be  measured  by  ELISA 
(19,20)  . 

The  heart,  lungs,  liver,  spleen,  and  mesenteric  lymph  nodes  of 
all  animals  will  be  cultured  for  bacteriologic  growth  after 
spontaneous  death  or  sacrifice. 

For  surviving  animals  at  each  time  point,  gas  exchange  and  REE 
will  be  determined  on  the  day  prior  to  and  6  b  and  1,  2,  5,  and  10 
days  after  burn  injury/implantation  by  means  of  indirect 
calorimetry  (Columbus  Instruments,  Columbus,  OH)  .  Individual 
animals  will  be  acclimatized  in  the  metabolic  chambers  for  30-60 
min  to  achieve  a  steady  state  prior  to  measuring  their  metabolic 
rate  (MR)  .  For  1-3  h,  animals  (up  to  12  at  a  time  in  separate 
chambers)  will  be  sampled  for  approximately  1  min  in  sequence  with 
automatic  continual  rotation,  MR  will  be  calculated  using  the 
following  equation  that  utilizes  Abramson's  coefficients  (21)  and 
gas  exchange  measured  with  special  airtight  chambers,  Ch 
(electrochemical)  and  C02  (infrared  spectrometric)  sensors,  and 
computer  interfaces: 

MR  *  VO (-4 . 83x  +  0. 2l8y) 

•where  VO  indicates  test  chamber  ventilation  rate;  x,  the  difference 
in  gas  fraction  of  02  that  appears  across  the  test  chamber;  and  y, 
the  difference  in  gas  fraction  of  C02  that  appears  across  the  test 
chamber . 

Temperature,  heart  rate,  and  activity  of  the  animals  will  be 
monitored  using  telemetry  devices.  Such  data  can  be  collected 
whether  the  animals  are  in  their  "home"  metabolic  cages  or  in  the 
gas  exchange  chambers  for  MR  measurement.  Model  CTA-F40  small 
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transmitter  units  implanted  intraperitoneally  will  permit 
temperature,  heart  rate,  and  muscular  activity  (body  movement) 
measurements  when  used  with  CTR86  receivers  (Mini-Mitter  Co.). 
Temperature  (as  fever)  is  a  classical  response  to  injury, 
infection,  and  cytokines  such  as  TNF  and  together  with  heat 
production  (MR)  and  nitrogen  excretion  contributes  an  important 
element  in  assessing  the  metabolic  response  to  injury,  infection, 
and  TNF,  Heart  rate  provides  an  assessment  of  sympathetic 
activity.  We  will  be  able  to  determine  whether  there  is  an 
influence  of  injury,  infection,  or  TNF  on  the  24-h  pattern  of 
temperature,  heart  rate,  and  skeletal  motor  activity.  An 
additional  advantage  of  activity  measurement  will  be  to  allow  us  to 
identify  (for  MR  measurements)  comparable  periods  of  inactivity  or 
activity  between  groups  and  to  obtain  MR  values  for  periods  of  high 
(night)  and  low  (day)  motor  activity.  Correlation  of  MR  and 
temperature  with  motor  activity  should  allow  us  to  assess  the 
influence  of  motor  activity  on  MR  and  temperature  in  control,  burn, 
infected,  and  TNF-infused  states. 

For  MR  interpretation,  not  only  the  total  MR  but  also  that  not 
due  to  motor  activity  is  of  importance.  If  motor  activity  occurs 
and  influences  MR  during  the  latter' s  measurements  in  a  given 
session  (1-3  h)  ,  periods  of  varying  motor  activity  will  have  MR 
varying  accordingly  to  permit  regressional  assessment  of  nonmobile 
MR.  This  approach  will  likely  also  permit  assessment  of  a 
different  effect  of  exercise  on  MR  among  groups.  The  effect  of 
heat  loss  is  produced  through  a  thermoregulatory  reflex  designed  to 
defend  normal  body  temperature  at  ambient  temperatures  below  the 
thermoneutral.  Because  heat  loss  is  not  measured  directly  in  this 
system,  an  interference  from  heat  loss  will  be  minimized  in  two 
ways.  First,  the  MR  will  be  measured  at  an  ambient  temperature  in 
the  thermoneutral  range  (often  25-30 °C  for  sham-burn  rats  and 
30-34  C  for  burns,  but,  this  must  be  determined,  as  below,  for  our 
treatment  groups).  Second,  the  intensity  of  collection 
(continuous)  of  core  temperature  data  will  allow  monitoring  of 
whether  this  variable  is  maintained  at  or  above  that  for  respective 
control  rats  without  burns,  infection,  or  TNF  infusion.  Such  would 
indicate  a  resetting  of  metabolic  drive  (defending  an  elevated  core 
temperature)  rather  than  just  a  failing  attempt  to  defend  the 
control  (normal)  core  temperature. 

Measurement  of  MR  and  core  temperature  in  a  preliminary 
experiment  with  the  same  groups  (as  outlined  in  Table  1)  at  several 
chamber  temperatures  will  establish  the  upper  and  lower  critical 
limits  of  the  thermoneutral  range  of  ambient  temperature  for  each 
group.  There  is  no  way  otherwise  to  insure  that  we  can  predict  an 
ambient  chamber  temperature  that  is  in  the  respective  thermoneutral 
range,  which  has  not  been  determined  for  the  particular  kinds  of 
treatments  (groups)  we  require  in  the  main  phase  of  this  protocol, 
as  explained  at  the  end  of  paragraph  (i)  above.  This  will  be  done 
at  three  or  more  times  in  the  first  14  days  after  treatment.  This 
will  require  the  animals  to  be  out  of  their  "home"  cages  for  much 
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of  the  time  for  very  extensive  MR  measurements  which  will  not 
permit  a  meaningful  plan  for  sampling  of  blood  and  urine  during  the 
times  of  correct  ambient  temperature  as  required  on  a  schedule  in 
the  main  phase  of  th_s  protocol.  This  preliminary  phase  will  also 
allow  us  to  work  out  ("trouble-shoot")  many  potential  problems  in 
the  coordination  of  the  many  exacting  procedures  related  to  blood 
and  urine  sampling,  electronic  data  collection,  and  operation  of 
the  equipment. 

Determination  of  Number  of  Animals  Required.  There  will  be  7 
experimental  groups,  2  control  groups,  and  7  pair-fed  groups  for  a 
total  of  16  groups.  For  this  pilot  study,  10  animals  per  group 
will  be  necessary  to  achieve  statistical  significance.  Therefore, 
320  animals  (160  for  the  preliminary  phase  plus  160  for  the  main 
phase  of  the  study)  will  be  required. 

Data  Analysis  Plan.  Body  weight,  mortality,  bacteriologic 
observations,  food  and  water  intake,  urinary  excretion  variables, 
blood  chemical  and  hormonal  variables,  variables  related  to  gas 
exchange  and  heat  production  (V02,  VC02,  MR,  RQ)  ,  core  temperature, 
heart  rate,  and  motor  activity  will  be  assessed  as  influenced  by 
burn,  infection,  infection  treatment,  and  TNF  infusion  with 
suitable  ANOVA  and  regressional  models.  lor  those  variables 
collected  at  multiple  times  in  a  24-h  period  (mainly  temperature, 
heart  rate,  and  motor  activity,  and  perhaps  MR) ,  rhythm  analysis 
will  be  included  with  standard  cosinor  models.  From  these 
analyses,  inferences  can  likely  be  drawn  concerning  the  role  of 
several  hormonal  systems  in  the  metabolic  response  to 
burn/infection,  and  the  mediation  of  the  hormonal  and  metabolic 
responses  by  TNF.  Then,  future  studies  can  be  designed 
(adrenalectomy,  thyroidectomy,  hormonal  replacement)  to  test 
specific  inferences. 


RESULTS 

This  study  was  approved  by  the  USAISR  Research  Council  and  US 
Army  Institute  of  Surgical  Research  Animal  Care  and  Use  Committee 
during  the  fourth  quarter  of  Fiscal  Year  1991. 

DISCUSSION 

Equipment  and  supplies  have  been  ordered  and  work  will  be 
initiated  shortly. 
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Smoke  inhalation  leads  to  a  complex  sequence  of  pulmonary  and 
pathophysiologic  events  which  contribute  to  a  high  morbidity  and 
mortality  when  combined  with  thermal  injury.  While  the  volume  and 
composition  of  the  inhaled  material  clearly  plays  a  role  in  the 
severity  of  the  pulmonary  manifestations  of  inhalation  injury, 
other  data  suggest  that  the  mode  of  ventilatory  support  may  also 
affect  the  severity  of  the  disease  process.  Until  recently,  it  had 
not  been  possible  to  use  high-frequency  oscillatory  ventilation 
(HFOV)  in  large  animals  or  adult  humans  because  the  efficiency  of 
available  oscillators  was  insufficient  to  deliver  an  adequate  tidal 
volume.  Development  of  a  new  form  of  HFOV  has  made  it  possible  to 
study  whether  the  dramatic  results  obtained  in  infant  models  of 
lung  disease  can  be  replicated  in  adult  models.  The  purpose  of  the 
study  was  to  compare  the  effects  of  two  forms  of  high-frequency 
ventilation  with  conventional  positive  pressure  ventilation  in  a 
primate  model  of  moderate  inhalation  injury. 

Eighteen  baboons  were  randomized  to  one  of  four  groups.  Group 
I  was  not  exposed  to  smoke  and  served  as  the  control  group.  Groups 
II,  III,  and  IV  were  subjected  to  a  moderate  smoke  inhalation 
injury.  Group  II  was  placed  on  positive-pressure  conventional 
ventilation.  Group  III  on  high-frequency  flow  interruption  (HFFI), 
and  Group  IV  on  HFOV.  The  results  from  this  study  support  our 
previous  findings  using  HFFI  in  humans  with  smoke  inhalation 
injury.  The  decreased  incidence  of  pneumonia  and  mortality  in 
patients  treated  with  HFFI  compared  to  a  historical  cohort  of 
patients  treated  with  positive-pressure  ventilation  may  be 
secondary  to  a  decrease  in  iatrogenic  mechanical  barotrauma  which 
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is  secondary  to  ventilatory  mode.  These  data  strongly  support  the 
continued  use  of  HFFI  in  the  support  of  patients  with  smoke 
inhalation  injury,  and  offer  an  explanation  for  the  observed 
decrease  in  morbidity  and  mortality. 
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THE  EFFECT  OF  HIGH-FREQUENCY  OSCILLATORY  VENTILATION 
ON  SMOKE  INHALATION  INJURY  IN  BABOONS 


Smoke  inhalation  leads  to  a  complex  sequence  of  pulmonary  and 
pathophysiologic  events  which  contribute  to  a  high  morbidity  and 
mortality  when  combined  with  thermal  injury.  While  the  volume  and 
composition  of  the  inhaled  material  clearly  plays  a  role  in  the 
severity  of  the  pulmonary  manifestations  of  inhalation  injury, 
other  data  suggest  that  the  mode  of  ventilatory  support  may  also 
affect  the  severity  of  the  disease  process  (1) . 

High-frequency  flow  interruption  (HFFI)  is  a  form  of 
high-frequency  ventilation  (HFV)  in  which  exhalation  is  passive. 
Subdead-space  tidal  volumes  are  delivered  into  the  airway  at  a 
predetermined  frequency  with  a  variable  I:E  ratio  (usually  1:1). 
To  prevent  gas  trapping,  airway  pressure  is  returned  to  baseline 
PEEP  at  scheduled  intervals,  usually  every  2  sec.  C02  clearance  is 
controlled  by  varying  peak  pressures  and  the  frequency  at  which 
airway  pressure  is  returned  to  baseline.  Oxygenation  is  controlled 
by  frequency  and  peak  pressures,  which  both  effect  mean  airway 
pressure . 

High-frequency  oscillatory  ventilation  (HFOV)  involves  the 
active  injection  and  withdrawal  of  gas  from  the  lung.  Active 
exhalation  during  HFOV  is  felt  by  some  investigators  to  enhance  gas 
egress,  thus  allowing  the  use  of  a  higher  frequency  and  lower  tidal 
volume  than  conventional  HFV  with  passive  exhalation.  The  use  of 
active  exhalation  allows  peak  and  trough  volumes  and  pressures  to 
be  held  close  to  mean  volumes  and  pressures,  thus  approaching  a 
near  constant  lung  volume.  Since  there  is  active  withdrawal  of 
ga3,  the  oscillator  itself  results  in  no  net  input  of  gas.  A 
source  of  fresh  gas  must  be  introduced  distal  to  the  mechanism 
which  supplies  the  oscillatory  excursions  and  adjustment  of  the  gas 
flow  and  resistance  will  determine  mean  airway  pressure.  The  major 
limiting  factor  of  all  types  of  HFV  is  inadvertent  gas  trapping. 
If  the  tidal  volume  injected  is  greater  than  that  which  can  be 
eliminated  during  the  expiratory  interval,  gas  trapping  and 
barotrauma  will  occur.  The  use  of  HFOV  with  active  exhalation  as 
well  as  prolonged  lung  I:E  times  may  help  to  prevent  this 
complication . 

The  use  of  HFOV  and  high  mean  airway  pressures  has  been  shown 
to  markedly  alter  the  progression  of  both  ARDS  and  hyaline  membrane 
disease  in  experimental  animals.  In  rabbits,  use  of  HFOV  prevented 
edema,  hyaline  membrane  formation,  and  the  loss  of  membrane 
compliance  seen  in  the  surfactant-depleted  animals  treated  with 
conventional  ventilation  following  saline  lung  lavage  (2)  .  Even 
more  dramatic  findings  have  been  documented  in  surfactant-deficient 
premature  baboons  treated  with  HFOV.  The  initiation  of  HFOV  prior 
to  the  first  breath  prevented  development  of  the  pathologic, 
physiologic,  and  morphologic  features  of  hyaline  membrane  disease 


when  compared  to  animals  of  comparable  gestational  age  treated  with 
conventional  positive  pressure  ventilation  and  continual  positive 
distending  airway  pressure  (3,4)  .  Of  interest  is  the  fact  that  the 
development  of  hyaline  membrane  disease  was  associated  with 
increased  levels  of  platelet-activating  fcctor-like  activity  in  the 
lung  lavage  while  no  increase  in  platelet-activating  factor  was 
seen  in  HFOV-treated  animals.  These  data  coupled  with  other 
experimental  evidence  have  led  to  the  hypothesis  that  in  the  face 
of  surfactant  deficiency,  conventional  tidal  ventilation  leads  to 
epithelial  injury,  mediator  release,  and  increased  parenchymal 
injury . 

Various  forms  of  HFV  have  been  shown  to  be  efficacious  in  the 
management  of  infants  and  adults  with  bronchopleural  fistula  or 
respiratory  failure  unresponsive  to  conventional  respiratory 
therapy.  In  some  studies,  HFOV  has  been  efficacious  in  the 
management  of  infants  with  diffuse  alveolar  disease,  although  other 
studies  have  shown  no  dramatic  improvement  (5) .  HFFI  has  not  been 
shown  to  be  of  benefit  in  the  prevention  of  ARDS  in  adults  16)  .  We 
have  reported  that  the  prophylactic  use  of  HFFI  was  effective  in 
reducing  the  incidence  of  pneumonia  and  mortality  in  patients  with 
inhalation  injury  (1).  Common  to  the  success  of  HFV  therapy  in 
diffuse  alveolar  disease  has  been  the  use  of  a  high  mean  airway 
pressure.  Conversely,  those  studies  in  infants  and  adults  where 
HFV  has  not  been  shown  to  be  effective  tended  to  use  1  ;wer  mean 
airway  pressures  than  the  conventional  ventilatory  support  (7,8). 

Until  recently,  it  has  not  been  possible  to  use  HFOV  in  large 
animals  or  adult  humans  because  the  efficiency  of  available 
oscillators  was  insufficient  to  deliver  an  adequate  tidal  volume. 
Development  of  a  new  form  of  HFOV  have  made  it  possible  to  study 
whether  the  dramatic  results  obtained  in  infant  models  of  lung 
disease  can  be  replicated  in  adult  models.  The  purpose  of  the 
study  was  to  compare  the  effects  of  two  forms  of  HFV  with 
conventional  positive  pressure  ventilation  in  a  primate  model  of 
moderate  inhalation  injury. 

MATERIALS  AND  METHODS 

Study  Design.  Eighteen  baboons  were  randomized  to  one  of  four 
groups.  Group  I  (n=3)  was  not  exposed  to  smoke  and  served  as  the 
control  group.  Groups  II,  III,  and  IV  were  subjected  to  a  moderate 
smoke  inhalation  injury.  Group  II  (n=5)  was  placed  on 
positive-pressure  conventional  ventilation,  Group  III  (n=5)  on  HFFI 
(Bird™,  Percussionnaire  Corporation) ;  and  Group  IV  (n=5)  on  HFOV 
(Foundation  for  Biomedical  Research,  San  Antonio,  TX)  . 

Description  of  Procedures.  At  time  0,  animals  were 
anesthetized  with  ketamine  hydrochloride  (25-40  mg/kg  IM) , 
intubated,  and  paralyzed  with  pancuronium  bromide  (0.04-0.10  mg/kg 
IV)  .  Thereafter,  they  were  maintained  under  paralysis  and  sedated 
with  diazepam  (0.1  mg/kg  IV  or  7.5  mg/kg  IM)  as  indicated  by 
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clinical  signs  of  anxiety,  i.e.,  elevated  pulse,  blood  pressure. 
If  diazepam  sedation  was  inadequate,  additional  sedation  was 
accomplished  with  sodium  pentobarbital  (20-33  mg/kg  IV) . 

A  Swan-Ganz  catheter  (7F,  American  Edwards  Company,  Irvine,  CA) 
was  placed  via  a  femoral  vein  using  local  anesthesia  (1%  lidocaine, 
1-2  cc  SC) .  Peripheral  venous  and  arterial  lines  were  placed  for 
measurement  of  blood  gases  and  administration  of  fluids.  Fluids 
were  administered  at  a  rate  of  80  ml/kg/day  and  consisted  of  5% 
dextrose  and  1/2N  saline  with  1  U  heparin  sodium  per  milliliter  at 
2  mi/h.  Changes  in  fluid  composition  and  infusion  rate  were  based 
on  hemodynamic  data  and  electrolyte  composition. 

Baseline  cardiac  output  was  determined  by  thermodilution  and 
arterial  and  venous  blood  gases  were  obtained.  Blood  was  drawn  for 
CBC  and  routine  chemistries.  Pulmonary  function  tests  were 
performed.  The  right  lower  lung  lobe  was  instrumented  using  a 
flexible  bronchoscope  and  lavaged  with  two  50-cc  aliquots  of 
physiologic  saline.  The  recovered  lavage  fluid  was  combined  and  an 
aliquot  removed  for  cell  count  with  the  remainder  centrifuged  and 
the  supernatant  decanted.  Differential  count  was  performed  on  the 
cell  plug.  The  supernatant  was  frozer  at  -70°C  for  later  assay  for 
total  protein,  total  phosphatidylcholine  content,  and  elastase 
content.  After  completion  of  baseline  studies,  the  animals  were 
allowed  to  recover  for  1  h.  At  the  end  of  1  h,  blood  was  again 
drawn  for  determination  of  arterial  blood  gases.  The  animals  were 
then  exposed  to  a  moderate  smoke  inhalation  injury  using  the 
techniques  previously  validated  and  described  by  this  Institute. 

All  animals  remained  intubated  postsmoke  and  allowed  to  breathe 
spontaneously.  They  were  treated  with  100%  oxygen  for  1  h  to 
reduce  the  COHb  level.  Carbon  monoxide  levels  were  measured 
immediately  before  smoke  exposure,  immediately  after  smoke 
exposure,  every  30  min  for  2  h,  and  every  4  h  for  24  h.  Levels 
were  obtained  daily  for  the  remainder  of  the  study. 

Arterial  and  venous  blood  gases  were  obtained  hourly  until  the 
animal  was  stable  and  then  every  6  h.  Electrolytes,  BUN, 
creatinine,  CBC,  and  platelet  counts  were  obtained  every  12  h. 
Chest  roentgenograms  were  obtained  daily.  Pulmonary  function  tests 
were  performed  at  0,  24,  72,  and  130  h  postsmoke.  Pulmonary 
function  tests  consisted  of  measurement  of  functional  residual 
capacity  using  helium  dilution,  passive  exhalation  resistance  and 
compliance,  pulmonary  diffusing  capacity,  inspiratory  capacity,  and 
expiratory  reserve.  Lung  .lavage  with  saline  was  performed 
following  the  pulmonary  function  tests  at  each  time  point. 
Bronchoa j.veolar  lavage  was  collected  and  frozen  for  later  analysis 
of  ceil  counts,  elastase,  total  protein,  and  quantitative  bacterial 
cultures . 


Animals  were  turned  from  3ide— to-side  every  4  h.  Tracheal 
toilet  was  performed  every  4  h  and  as  clinically  indicated.  All 
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animals  received  gentamicin  (2.5  mg/kg  IV)  every  8  h  throughout  the 
study . 

Following  the  pulmonary  function  tests  and  determination  of 
preintervention  cardiac  output  and  wedge  pressure,  the  animals  were 
placed  on  preassigned  ventilators. 

Animals  in  Group  II  were  placed  on  positive-pressure 
ventilation  with  a  tidal  volume  of  10  ml/kg.  Ventilator 
adjustments  were  made  in  response  to  blood  gas  determination.  PC02 
was  maintained  between  35-45  torr  by  adjustment  of  tidal  volume  and 
frequency.  PEEP  was  maintained  at  3  cmH20  unless  the  animal 
required  an  FI02  >  0.6  in  order  to  maintain  a  Pa02  in  the  protocol 
range.  In  that  case,  PEEP  was  increased  to  increase  mean  airway 
pressure . 

Animals  assigned  to  Group  III  were  placed  on  HFFI .  Frequency 
was  set  at  10  Hz  with  a  2-sec  inspiratory  time.  Expiratory  time 
was  set  to  result  in  a  return  to  baseline  PEEP  rate  of  8/min.  The 
I:E  ratio  of  subtidal  breaths  was  1:1.  PEEP,  oscillatory  in 
nature,  was  set  at  5  cmH20.  Peak  inspiratory  pressure  was  set  at 
24  cmH20.  Adjustments  in  support  were  made  according  to  blood  gas 
determinations. 

Group  IV  animals  were  placed  on  HFOV.  Initial  frequency  was 
set  at  10  Hz  with  oscillatory  amplitude  sufficient  to  produce 
detectable  chest  wall  motion.  Mean  airway  pressure  was  adjusted  to 
maintain  Pa02  between  80  and  100  torr.  The  FI02,  following  1  h  of 
100%  02,  was  set  at  0.21.  Oxygenation  was  optimized  by  adjustment 
of  mean  airway  pressure  and  FI02.  Ventilation  was  optimized  by 
adjustment  of  the  oscillatory  amplitude.  If  C02  clearance  was 
inadequate  on  maximal  HFOV  settings,  then  conventional  tidal 
breaths  were  superimposed  upon  the  high-frequency  oscillations.  If 
there  was  a  question  about  the  adequacy  of  the  mean  airway 
pressure,  then  the  animal  was  manually  sighed  and  pre-  and  postsigh 
arterial  blood  gases  were  obtained.  If  the  sigh  resulted  in  an 
increase  of  10  torr  or  greater  in  arterial  Pa02,  then  the  mean 
airway  pressure  was  adjusted  upwards  in  increments  of  2  cmH20. 

All  animals  were  supported  for  154  h  after  injury.  At  the 
conclusion  of  the  study  or,  in  the  opinion  of  the  principal 
investigator,  the  animal  was  in  irreversible  cardiopulmonary 
failure,  the  animal  was  anesthetized  with  sodium  pentobarbital  (50 
mg/kg  IV)  and  exsanguinated. 

Standard  necropsy  was  performed  on  all  animals.  Sections  of 
all  organs  were  obtained  and  fixed  for  light  and  electron 
microscopy.  The  left  lower  lobe  was  inflated  to  20  cmH20  and  fixed 
by  the  endotracheal  instillation  of  Carnoy's  solution.  The  trachea 
was  examined  for  evidence  of  gross  lesions.  A  ligature  was  placed 
at  the  site  of  the  tip  of  the  endotracheal  tube  before  fixation. 
The  trachea  was  fixed  in  its  entirety,  sectioned  longitudinally. 


686 


and  examined.  A  section  of  each  of  the  remaining  lobes  was  removed 
and  frozen  in  liquid  nitrogen  and  stored  at  -80°C.  Carcasses  were 
removed  and  destroyed  by  incineration. 

Determination  of  Number  of  Animals  Required.  Previous  studies 
using  the  adult  baboon  have  substantiated  the  reproducibility  of 
this  model  (9)  .  Studies  using  HFOV  in  various  animal  ARDS  or 
hyaline  membrane  disease  models  have  shown  marked  intergroup 
differences  with  significance  at  this  number  (9) .  This,  coupled 
with  cost  and  ethical  concerns,  lead  us  to  conclude  that  5  animals 
per  group  were  sufficient  to  allow  us  to  conclude  whether  there 
were  advantages/disadvantages  to  ventilator  strate*; 

Data  Analysis  Plan.  Blood  gas,  blood  pressure,  airway 
pressures,  and  hemodynamic  data  were  averaged  over  intervals  and 
plotted  at  the  midpoint  of  each  interval.  Physiologic  and 
repetitive  biochemical  data  were  analyzed  among  groups  using  ANOVA 
for  repeated  measures.  Data  was  also  compared  at  specific  time 
points  using  ANOVA. 

Pathologic  data  was  analyzed  by  three  "blinded"  graders  using 
a  semiquantitative  technique,  the  panel  of  standards,  which  was 
used  to  determine  the  degree  of  parenchymal  lung  injury.  This 
technique  consisted  of  comparing  the  microscopic  lung  sections  to 
one  of  seven  panels  that  depicted  a  spectrum  of  pulmonary  lesions 
(Grades  1-7)  from  mild  to  most  severe.  A  Zeiss™  photomicroscope 
fitted  with  a  IX  objective  was  used  to  photograph  the  entire  cross 
section  of  the  lobe.  The  35-mm  negatives  were  photographically 
enlarged  to  yield  a  4"  X  5.5"  black  and  white  photograph.  Each 
photograph  (not  identified  as  to  animal  or  treatment  group)  was 
graded  independently  by  each  of  the  three  different  observers  using 
the  panel  of  standards.  The  mean  of  the  rater  scores  was 
calculated  and  the  lobe  score  summed  for  each  animal.  Agreement 
among  observers  was  determined  by  the  Chronbach  alpha  test.  The 
RIDIT  test  was  used  to  test  for  any  ventilator  effect  on  the  degree 
of  lung  parenchymal  injury  (4,10).  All  ta3ts  were  considered 
significant  for  P  <  0.05. 

RESULTS 

COHb  concentrations  for  Groups  II,  III,  and  IV  immediately 
after  injury  were  similar.  The  mean  COHb  concentration  for  Group 
II  was  4  2.4  ±  1.6;  Group  III,  44.8  ±  2.1;  and  Group  IV,  4  5.8  ±  2.1. 
Two  animals  in  Group  IV  did  not  survive  the  6-day  study  period. 
All  other  animals  completed  the  study. 

Hemodynamics.  Routine  hemodynamic  data  are  contained  in 
Figures  1  through  5.  Throughout  the  course  of  the  study  ,  mean 
systemic  blood  pressure  did  not  change  over  time  nor  was  it 
different  between  groups  (fig  1).  All  animals  became  progressively 
tachycardic  over  the  course  of  the  study,  a  change  which  was 
statistically  different.  There  was  no  difference  between  groups  in 
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FIGURE  1.  Mean  blood  pressure  (nunHg)  .  PPV  indicates  positive-pressure  ventilat 
HFFI,  high-frequency  flow  interruption;  and  HFO,  high-frequency  oscilla 
ventilation . 
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FIGURE  2.  Heart  rate  (beats/tnin) .  PPV  indicates  positive-pressure  ventilation;  HFFI, 
high-frequency  flow  interruption;  and  HFO,  high-frequency  oscillatory 


the  degree  of  tachycardia  (fig  2) .  Although  cardiac  output  tended 
to  vary  over  time,  it  did  not  vary  in  a  statistically  significant 
consistent  manner  over  time  in  any  one  group  nor  did  it  vary 
between  groups  at  any  time  interval  (fig  3)  .  Mean  pulmonary  artery 
pressures  significantly  increased  over  time  in  all  groups.  There 
was  no  significant  difference  between  groups  in  the  rate  of  change 
of  mean  pulmonary  artery  pressure  (fig  4).  Pulmonary  artery 
occlusion  pressures  did  not  vary  significantly  between  groups  or 
over  time  (fig  5) . 

Ventilatory  Support.  Data  for  ventilatory  support  are  shown  in 
Figures  6  through  10.  The  FI02  concentration  necessary  to  maintain 
oxygenation  within  the  prescribed  range  slightly  but  significantly 
increased  over  time  in  all  groups.  The  rate  of  change  was  not 
different  between  groups,  and  the  only  significant  difference 
between  groups  occurred  at  84  h  after  injury  when  Group  IV  required 
significantly  higher  FI02  than  Groups  II  and  III  (fig  6)  .  The 
conventional  respiratory  rates  for  Groups  II  and  III  are  compared 
in  Figure  7.  Group  II  required  significantly  greater  rates  than 
Group  III  at  all  time  points.  In  addition,  the  rate  required  by 
Group  II  increased  significantly  over  time,  while  that  required  by 
Group  III  did  not  (fig  7)  .  Peak,  airway  pressures  were 
significantly  greater  for  Group  IV  compared  to  Groups  II  and  III. 
Additionally,  peak  airway  pressures  significantly  increased  over 
time  for  Group  IV,  but  not  for  Groups  II  and  III  (fig  8)  .  PEEP 
requirements  were  different  between  Groups  II  and  III  because  of 
the  preselected  PEEP  levels  which  were  preset  at  the  beginning  of 
the  study.  PEEP  requirements  did  not  increase  significantly  over 
time  in  either  of  these  groups  (fig  9) . 

Arterial  Blood  Gas  Data.  Pa02  did  not  vary  between  groups  or 
over  time  in  this  study  after  the  FI02  was  decreased  from  100%  (fig 
10) .  Arterial  PC02  was  maintained  relatively  constant  throughout 
the  study  for  all  three  groups  once  ventilatory  support  was 
initiated  (fig  11)  .  Only  at  60  and  84  h  was  PC02  significantly 
higher  in  Group  IV  than  the  other  two  groups.  Arterial  pH  data  are 
depicted  in  Figure  12.  Despite  a  relatively  constant  PC02  over  the 
course  of  the  study,  the  arterial  pH  tended  to  increase  in  all 
groups,  indicating  the  presence  of  a  metabolic  alkalosis.  Only  at 
60  and  84  h,  the  same  time  point  in  which  arterial  PC02  increased 
in  Group  IV,  were  there  differences  between  groups.  The  alveolar 
arterial  02  ratio  did  not  vary  significantly  for  the  three  groups 
over  time.  Only  at  72  and  84  h  was  the  Group  IV  mean 
alveolar-arterial  02  ratio  significantly  less  than  the  other  two 
groups  . 

Intravenous  Intake  and  Urine  Output.  Intravenous  fluid 
administration  did  not  vary  between  groups  and  did  not  vary 
significantly  over  time.  Urine  output  significantly  increased  in 
all  groups  by  the  second  24  n,  but  did  not  varv  between  groups  (fig 
13)  . 
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HFFI 


Respiratory  rate  (breaths/min) .  PPV  indicates  positive-pressure 

ventilation,  and  HFFI,  high-frequency  flow  interruption. 
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FIGURE  10.  Pa02  (mmHg) .  PPV  indicates  positive-pressure  ventilation;  HFFI, 
high-frequency  flow  interruption;  and  HFO,  high-frequency  oscillatory 
ventilation . 


FIGURE  11.  PaCG-  imnKg) .  PPV  indicates  positive-pressure  ventilation;  KFFI, 
high-frequency  flow  interruption;  and  HFO,  high-frequency  oscillatory 
ventilation.  *P  <  0.05  vs  PPV  and  KFFI  by  ANCVA. 
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FIGURE  13.  Alveolar-arterial  02  ratio.  PPV  indicates  positive  pressure  ventilation, 
HFFI.  high-frequency  flow  interruption;  and  HFO,  high-frequency  oscillatory 
ventilation.  *P  <  0.05  vs  PPV  and  HFFI  by  ANOVA. 


Cheat  Roentgenographs.  There  were  no  significant  intergroup 
differences  when  daily  chest  roentgenographs  were  graded  for 
atelectasis  or  pneumonia,  although  Group  IV  tended  to  have  more 
atelectasis  than  either  Group  II  or  Group  III  (P  =  0.1) . 

Pulmonary  Function  Testa.  Pulmonary  function  data  are  depicted 
in  Figures  14  through  18.  Vital  capacity,  inspiratory  capacity, 
functional  residual  capacity,  and  total  lung  capacity  all  decreased 
significantly  over  time,  although  there  were  no  intergroup 
differences  (figs  14-17) .  Effective  residual  volume  also  decreased 
significantly  over  time,  but  the  rate  of  change  was  not  different 
between  treatment  groups  (fig  18)  .  Diffusion  capacity  (fig  19) 
significantly  decreased  over  time  in  all  groups;  however,  no 
intergroup  differences  were  noted. 

Bronchoalveolar  Lavage.  Bronchoalveolar  lavage  was  performed 
before  injury  and  on  postinjury  days  1,  3,  and  6.  The  lavage 
effluent  was  assayed  for  cell  count,  elastase  activity,  total 
protein,  and  total  phosphatidylcholine  content  (figs  20-23) .  Group 
I  animals  were  lavaged  at  the  same  time  intervals.  No  differences 
between  successive  lavage  and  measured  values  were  noted  in  Group 
I;  therefore,  each  figure  contains  pooled  control  data. 
Broncho'alveolar  lavage  WBC  counts  increased  significantly  in  Groups 
II,  III,  and  IV  over  time.  However,  the  rate  of  increase  was  not 
significantly  different  between  groups.  In  addition,  there  were  no 
intergroup  differences  at  any  of  the  postinjury  time  points. 
Similarly,  bronchoalveolar  lavage  protein  content  increased 
significantly  in  all  groups  over  time.  The  increase  in 
bronchoalveolar  lavage  protein  content  was  sustained  in  both 
high-frequency  groups,  but  returned  to  baseline  in  Group  II  at  6 
days  after  injury.  ANOVA  analysis  confirmed  significant 
differences  between  control  values  and  Groups  II  and  III  at 
postinjury  day  1.  At  postinjury  day  6,  Group  III  and  Group  IV 
levels  were  significantly  elevated  over  control  values. 
Bronchoalveolar  lavage  elastase  increased  significantly  over 
baseline  values  in  Groups  II  and  IV  compared  to  Group  I.  This 
increase  in  measurable  elastase  was  sustained  at  6  days  postinjury 
only  in  Group  IV.  Group  III  had  a  small  but  insignificant  increase 
in  elastase  compared  to  Group  I.  Bronchoalveolar  lavage 
phosphatidylcholine  content  was  measured  on  postinjury  days  0,  1, 
and  6.  There  was  no  significant  difference  in  bronchoalveolar 
lavage  phosphatidylcholine  content  between  any  groups  at  any  time 
point.  The  lack  of  difference  between  Group  IV  and  other  groups  at 
postinjury  day  6  is  most  likely  due  to  a  small  number  of 
measurements,  as  only  three  Group  IV  animals  were  alive  on 
postinjury  day  6. 

Pathology.  Parenchymal  pathologic  changes  were  scored  using  a 
panel  of  standards  as  previously  described.  Using  RIDIT  analysis, 
no  significant  intra-observer  differences  were  noted.  RIDIT 
analysis  was  then  performed  to  determine  if  there  were  pathologic 
differences  between  groups.  Group  III  had  significantly  less 
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FIGURE  15.  Inspiratory  capacity  (ml).  PPV  indicates  positive-pressure  ventilation; 

HFFI,  high-frequency  flow  interruption;  and  HFO,  high-frequency  oscillatory 
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FIGURE  16.  Functional  residual  capacity  (ml) .  PPV  indicates  positive-pressure 
ventilation;  HFFI ,  high-frequency  flow  interruption;  and  HFO, 
high-frequency  oscillatory  ventilation. 
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FIGURE  21.  Bronchoalveolar  lavage  protein  (mg/ml).  PPV  indicates  positive-pressure 
ventilation;  HFFI ,  high-frequency  flow  interruption;  and  HFO, 
high-frequency  oscillatory  ventilation. 


histopathologic  parenchymal  damage  than  Group  II  (P  =  0.03)  and 
Group  IV  (P  =  0.C008).  One  animal  in  Group  III  was  an  extreme 
outlier  and  all  sections  showed  severe  diffuse  damage  to  a  much 
greater  extent  than  any  other  animal  in  any  group.  Removal  of  this 
animal  from  analysis  greatly  increased  the  differences  between 
Group  III  and  Groups  II  ana  IV  (P  <  0.0001). 

DISCUSSION 

If  any  conclusions  are  to  be  drawn  from  this  study,  it  is 
important  that  the  original  insult  be  consistent  in  all  animals. 
Immediate  postinjury  carboxyhemoglobin  levels  after  a  moderate 
smoke  injury  were  identical  for  the  three  groups.  In  addition, 
pulmonary  function  tests  deteriorated  at  a  similar  rate  in  the 
three  groups.  These  data  indicate  that  the  original  insult  was 
quite  similar  between  animals  and  groups. 

Maintenance  of  normal  acid  base  balance  and  arterial  blood 
gases  was  possible  over  the  6-day  period  utilizing  either 
positive-pressure  ventilation  (Group  II)  or  HFFI  (Group  III)  but 
not  KFOV  (Group  IV)  .  The  failure  of  HFOV  in  this  model  may  be 
secondary  to  the  heterogeneity  of  the  disease  process.  In  Group 
IV,  small  airway  plugging  appeared  to  result  in  a  lack  of 
consistent  recruitment  of  collapsed  lung  segments,  which  may  have 
resulted  in  overdistention  of  well  ventilated  lung  segments.  This 
lack  of  recruitment  was  apparent  by  the  consistent  radiographic 
appearance  of  atelectasis  in  Group  IV.  Failure  of  HFOV  to  maintain 
normal  oxygenation  and  ventilation  in  this  model  is  distinctly 
different  than  what  has  been  reported  in  other  models  of  ARDS 
(2-4)  .  This  may  be  because  the  typical  ARDS  insult  is  more 
homogeneous  and  predominantly  an  endothelial,  not  an  epithelial 
cell  injury. 

Comparison  of  the  level  of  support  required  by  Groups  II  and 
III  revealed  one  difference.  A  significantly  higher  ventilatory 
rate  at  the  same  peak  inspiratory  pressure  was  required  for  animals 
treated  with  positive-pressure  ventilation  (Group  II)  when  compared 
to  animals  treated  with  HFFI  (Group  III) .  Construction  of  a 
barotrauma  index  (rate/pressure  product)  indicates  that 
positive-pressure  ventilated  animals  (Group  II)  were  at 
significantly  higher  risk  for  parenchymal  barotrauma  than  animals 
treated  with  HFFI  (fig  24),  despite  maintenance  of  ventilation  and 
oxygenation  at  the  same  predetermined  limits. 

Positive-pressure  ventilation  at  relatively  modest  peak 
inspiratory  pressures  (30  cmH20)  has  been  associated  with 
significant  alterations  in  lung  pathology  and  physiology  in  an 
ovine  model  in  which  no  concurrent  lung  insult  was  present  (11). 
Although  the  etiology  of  the  damage  is  unclear,  other  investigators 
have  suggested  that  the  repeated  opening  and  closing  of 
airway/alveolar  units  from  a  pressure  below  the  opening  pressure  to 
one  above  may  result  in  significant  lung  damage  which  can  be 
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FIGURE  24.  Barotrauma  index  (cmi^O)  .  PPV  indicates  positive-pressure  ventilation,  and 
HFFI,  high-frequency  flow  interruption. 


partially  prevented  by  depletion  of  granulocytes  prior  to 
ventilatory  support  (12,13).  HFFI,  in  our  model,  significantly 
decreased  the  number  of  times  per  minute  that  such  cycles  may 
occur.  HFFI  is  also  associated  with  auto-PEEP,  which  may  prevent 
the  cyclical  opening  and  closing  of  diseased  lung  units. 

Although  no  statistically  significant  differences  in 
bronchoalveolar  lavage  findings  were  found  comparing  groups,  there 
were  several  trends.  All  groups  had  a  significant  increase  in 
bronchoalveolar  lavage  WBC  counts;  however,  bronchoalveolar  lavage 
elastase  content  tended  to  be  less  in  Group  III  animals  treated 
with  HFFI.  It  has  been  suggested  that  bronchoalveolar  lavage 
elastase  is  a  marker  of  granulocyte  activation  (14) .  The  findings 
of  decreased  levels  of  elastase  in  the  animals  with  the  mildest 
lung  damage  suggests  a  potential  mechanism  of  ventilatory 
mode-induced,  granulocyte-mediated  lung  damage. 

These  data  support  our  previous  findings  using  HFFI  in  humans 
with  smoke  inhalation  injury.  The  decreased  incidence  of  pneumonia 
and  mortality  in  patients  treated  with  HFFI  compared  to  a 
historical  cohort  of  patients  treated  with  positive-pressure 
ventilation  may  be  secondary  to  a  decrease  in  iatrogenic  mechanical 
barotrauma  which  is  secondary  to  ventilatory  mode.  These  data 
strongly  support  the  continued  use  of  HFFI  in  the  support  of 
patients  with  smoke  inhalation  injury,  and  offer  an  explanation  for 
the  observed  decrease  in  morbidity  and  mortality. 
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